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GEOGRAI^HICAL   SUMMARY   OK 
PvlEMBERS. 


Alabama   12 

A.rizona   1 

Arkansas  6 

California  18 

Colorado    14 

Connecticut 14 

Delaware 4 

District  of  Columbia  10 

Florida    4 

Georgia    2 

Idaho 7 

Illinois     89 

Indiana   21 

Iowa    25 

Kansas    18 

Kentucky    4 

Louisiana    7 

Maine    6 

Maryland    5 

Massachusetts    ...   92 

Michigan 46 

Minnesota  29 


Mississippi    5 

Missouri 37 

Montana   4 

Nebraska    11 

Xevada    1 

New  Hampshire  . .     6 

New  Jersey 33 

Xew  Mexico 5 

New  York 160 

North  Carolina. .  .  5 
North   Dakota.  ...     6 

Ohio 59 

Oklahoma    1 

Oregon 10 

Pennsylvania  ....101 
Ehode  Island  ....  9 
South    Carolina. .  .     2 

South  Dakota 6 

Tennessee    6 

Texas 14 

Utah    12 

Vermont    6 


Virginia    8 

"Washington    15 

West  Virginia ....  5 

Wisconsin    33 

Wyoming    3 

Australia 2 

Brazil    2 

British  Columbia . .  1 

Canada    18 

Chile 2 

China 3 

England    3 

Hawaii    Territory.  1 

Hungary    1 

India    1 

Japan    3 

Mexico 1 

Panama 2 

Philippine  Islands  2 

Eussia    1 

Total    1040 


SUMMARY   OK  OCCUP^TIOX. 

Classification  Teachers  Practitioners 

1909  1910  1911  1909  1910  1911 

Architecture    4  6  7  0  1  1 

Biology     1  8  1  0  0  0 

Chemistry    10  21  16  1  0  0 

Civil   Engineering    160  172  144  22  67  82 

Deans  and  Directors  only 28  37  SI  0  0  0 

Drawing   42  41  54  0  3  2 

Electrical  Engineering   81  96  101  15  11  33 

English    0  0  10  0  0  0 

Journalists  and  Publishers 0  0  0  15  15  25 

Landscape  Architecture 1  1  10  0  0 

Manual  Training   4  1  5  0  0  0 

Mathematics    63  78  77  1  0  0 

Mechanical  Engineering 117  144  124  27  32  45 

Mechanics    25  41  41  0  0  0 

Mining  Engineering   28  24  26  4  4  5 

Physics     36  47  47  0  0  0 

Presidents    23  22  18  0  9  0 

Eailway  Engineering 0  0  20  0  0  0 

Shopwork   6  16  12  0  0  0 

Trades-school    4  0  0  0  0  0 

Unclassified    9  12  0  20  29  54 

Professors  who  are  also  Deans.  .  (54)  (55)  (46) 

Total    642  767  785  105  171  255 


INSTITUTIONS  REPRESENTED. 

Members 

1909  1910  1911 

Acadia  University,  Wolf ville,  Nova  Scotia 0  0  1 

Alabama  Polytechnic  Institute,  Auburn,  Ala 6  7  7 

Alabama,  University  of,  Tuscaloosa,  Ala 1  4  5 

Arizona,  University  of,  Tucson,  Ariz 1  1  1 

Arkansas,  University  of,  Fayetteville,  Ark 5  6  6 

Armour  Institute  of  Technology,  Chicago,  111 7  8  6 

Bradley  Polytechnic  Institute.  Peoria,  111 2  2  2 

Brooklyn  Manual  Training  H.  S.,  Brooklyn,  N.  Y 1  1  1 

Brooklyn  Polytechnic  Institute,  Brooklyn,  N.  Y 4  7  7 

Brown  University,  Providence,  E.  1 7  8  7 

Bucknell  University,  Lewisburg,  Pa 1  2  2 

Buffalo  Technical  H.  S.,  Buffalo,  N.  Y 0  0  1 

California,  University  of,  Berkeley,  Cal 4  5  5 

Carnegie  Institution,  Washington,  D.  C 1  2  2 

Carnegie  Technical  Schools,  Pittsburgh,  Pa 7  13  13 

Case  School  of  Applied  Science,  Cleveland,  0 14  19  17 

Casino  Technical  Night  School,  E.  Pittsburgh,  Pa 0  1  1 

Chestnut  Hill  Academy,  Chestnut  Hill,  Pa 0  1  1 

Chicago,  University  of,  Chicago,  111 1  1  2 

Christian  Brothers  College,  St.  Louis,  Mo 0  0  1 

Cincinnati,  University  of,  Cincinnati,  0 6  7  6 

Citadel,  The,  Charleston,  S.  C 0  1  1 

Clark  College,  Worcester,  Mass 2  2  2 

Clarkson  School  of  Technology,  Potsdam,  N.  Y 5  6  4 

Clemson  A.  &  M.  College,  Clemson  College,  S.  C 1  1  1 

Cleveland  Technical  H.  S.,  Cleveland,  0 1  1  1 

Colorado  College,  Colorado  Springs,  Colo 1  1  2 

Colorado  School  of  Mines,  Golden,  Colo 1  1  1 

Colorado  State  Agri.  College,  Fort  Collins,  Colo 5  5  4 

Colorado,  University  of,  Boulder,  Colo 5  5  5 

Columbia  University,  New  York,  N.  Y 11  13  13 

Columbus  Trades  School,  Columbus,  0 0  1  1 

Cooper  Union,  New  York,  N.  Y 4  5  6 

Cornell  College.  Mt.  Vernon,  la 1  1  2 

Cornell  University,  Ithaca,  N.  Y 11  31  29 

Cumberland  University,  Lebanon,  Tenn 0  0  1 

Dartmouth  College,  Hanover,  N.  H 3  o  4 

Delaware  College,  Newark,  Del 2  3  3 

xiii 


XIV  INSTITUTIONS   BEPBESENTED. 

Denison  UniversitT,  Granville,  0 1 

Dorchester  H.  S.,  Dorchester  Center,  Mass 1 

Drexel  Institute,  Philadelphia,  Pa 5 

Escola  de  Engenharia,  Porto  Alegre,  Brazil 0 

Florida,  University  of,  Gainesville,  Fla 2 

Franklin  Institute,  Philadelphia,  Pa 1 

Franklin  Union.  Boston,  Mass 1 

George  Washington  University,  Washington,  D.  C 3 

Georgia  School  of  Technology,  Atlanta.  Ga 0 

Goueher  College,  Baltimore,  Md 0 

Harvard  University,  Cambridge,  Mass 11 

Haverf  ord  College,  Haverf  ord.  Pa 1 

Idaho,  University  of,  Moscow,  Ida 1 

Illinois,  University  of,  Urbana,  Dl 26 

Instituto  Technico  Professional,  Porto  Alegre,  Brazil  ....  1 

International  Correspondence  Schools,  Scranton,  Pa 2 

Iowa  State  College,  Ames,  la 10 

Iowa,  State  University  of,  Iowa  City.  la 5 

Kansas  City  M.  T.  H.  S.,  Kansas  City,  Mo 1 

Kansas  State  Agri.  College,  Manhattan,  Kans 5 

Kansas,  University  of,  Lawrence,  Kans 10 

Kentucky,  State  University  of,  Lexington,  Ky 4 

Lafayette  College,  Easton,  Pa 1 

Lehigh  University,  South  Bethlehem,  Pa 10 

Leland  Stanford  Jr.  Univ.,  Stanford  Univ.,  Cal 3 

Lewis  Institute,  Chicago,  111 3 

Louisiana  State  University,  Baton  Eouge,  La 2 

Loyola  University,  Chicago,  lU 0 

McGiU  University,  Montreal,  Canada 2 

McKinley  High  School,  St.  Louis,  Mo 1 

McKinley  High  School,  Washington,  D.  C 0 

Maine,  University  of,  Orono,  Me 2 

Manitoba,  University  of,  Winnipeg,  Man 1 

Marquette  University,  Milwaukee,  Wis 1 

Massachusetts  Agri.  College,  Amherst,  Mass 1 

Massachusetts  Inst,  of  Tech.,  Boston,  Mass 34 

Michigan  Agri.  College,  East  Lansing,  Mich 11 

Michigan  College  of  Mines,  Houghton,  Mich 6 

Michigan,  University  of,  Ann  Arbor,  Mich 11 

Millikin  University,  Jas.,  Decatur,  HI 3 

Minnesota,  L^niversity  of,  Minneapolis,  Minn 20 

Mississippi  A.  &  M.  College,  Agricultural  College,  Miss. . .  1 

Mississippi,  University  of,  University,  Miss. 3 

Missouri  School  of  Mines,  EoUa,  Mo 0 
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INSTITUTIONS    REPRESENTED.  XV 


Missouri,  University  of,  Columbia,  Mo 10 

Montana  Agri.  College,  Bozeman,  Mont 1 

Montana,  University  of,  Missoula,  Mont 1 

Nebraska,  University  of,  Lincoln,  Nebr 6 

Nevada,  University  of,  Keno,  Nev 3 

New  Hampshire  College,  Durham,  N.  H 2 

New  Mexico  Agri.  College,  Agricultural  College,  N.  M.  . .  1 

New  York  University,  New  York,  N.  Y 4 

North  Carolina  Agri.  College,  West  Ealeigh,  N.  C 2 

North  Carolina,  University  of,  Chapel  Hill,  N.  C 1 

North  Dakota  Agri.  College,  Agricultural  College,  N.  D..  .  1 

North  Dakota,  University  of.  Grand  Forks,  N.  D 3 

Northwestern  University,   Evanston,  111 4 

Nova  Scotia  Technical  College,  Halifax,  N.  S 1 

Ohio  Northern  University,  Ada,  0 1 

Ohio  State  University,  Columbus,  0 22 

Oklahoma  A.  &  M.  College,  Stillwater,  Okla 0 

Oregon  Agri.  College,  Corvallis,  Ore 1 

Oregon,  University  of,  Eugene,  Ore 1 

Pasadena  High  School,  Pasadena,  Cal 0 

Pei  Yang  University,  Tientsin,  China   2 

Pennsylvania  College,  Gettysburg,  Pa 0 

Pennsylvania  State  College,  State  College,  Pa 16 

Pennsylvania,  University  of,  Philadelphia,  Pa 6 

Philadelphia  Central  M.  T.  H.  S.,  Philadelphia,  Pa 1 

Pittsburgh  Central  H.  S.,  Pittsburgh,  Pa 0 

Pittsburgh,  University  of,  Pittsburgh,  Pa 1 

Pomona  College,  Claremont,  Calif 0 

Pratt  Institute,  Brooklyn,  N.  Y 17 

Princeton  University,  Princeton,  N.  J 2 

Purdue  University,  Lafayette,  Ind 18 

Queensland,  University  of,  Brisbane,  Australia 0 

Eensselaer  Polytechnic  Institute,  Troy,  N.  Y 3 

Ehode  Island  State  College,  Kingston,  E.  1 0 

Eose  Polytechnic  Institute,  Terre  Haute,  Ind 2 

Eutgers  College,  New  Brunswick,  N.  J 5 

Sheffield,  University  of,  Sheffield,  England   1 

Southern  California  University,  Los  Angeles,  Cal 2 

South  Dakota  State  College,  Brookings,  S.  D 3 

South  Dakota,  University  of,  Vermillion,  S.  D 1 

St.  Petersburg,  Polytech.  Inst,  of,  St.  Petersburg,  Eussia.  0 

Stevens  Institute  of  Technology,  Hoboken,  N.  J 14 

Stuyvesant  High  School,  New  York  City 0 

Swarthmore  College,  Swarthmore,  Pa 1 
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XVI  IXSTITUTIOXS    EEPEESEXTED. 

Svdnev,  Tniversitv  of.  SvAcev.  Australia 1 

Svracuse  University,  Syracuse,  X.  T 2 

Tecnessee.  University  of,  Knoxville,  Tenn.   3 

Texas  A.  &  M.  College,  College  Station,  Tex,   6 

Texas,  University  of,  Austin,  Tex. 3 

Throop  Polytechnic  Institute,  Pasadena.  Cal 1 

Tokyo  Imperial  University,  Tokyo,  Japan 0 

Toronto,  University  of,   Toronto.   Canada 4 

Tufts  College,  Tufts  College,  Mass 9 

Tulane  University,  Xew  Orleans.  La -i 

Union  University,  Schenectady,  X.  Y 9 

United  States  Xaval  Academy,  Annapolis.  Md 1 

Utah,  University  of.  Salt  Lake  City,  Utah 2 

Valparaiso  University,  Talparaiso,  Ind 1 

Yanderbilt  University,  Xashville.  Tenn 1 

Yermont,  University  of,  Burlington,  Yt 6 

Yirginia  Military  Institute.  Lexington.  Ya 1 

Yirginia  Polytechnic  Institute,  Blacksburg,  Ya 2 

Washington  &  Lee  University,  Lexington.  Ya 1 

Washington  State  College,  PuUman,  Wash, 0 

Washington  University,  St.  Louis,  Mo 7 

Washington,  University  of.  Seattle,  Wash 7 

WentTvorth  Institute,  Boston.  Mass 0 

West  Yirginia  University,  Morgantown,  W.  Ya 5         8         5 

Whitman  CoUege,  Walla  Walla.  Wash 1         1         3 

Williamson  Free  School,  Williamson  School,  Pa 2         2         2 

Wisconsin,  University  of,  Madison.  Wis 24       2S       27 

Worcester  Polytechnic  Institute,  Worcester,  Mass 13       17       11 

Wyoming,  University  of,  Laramie,  Wyo 0         1         2 

Yale  University,  Xew  Haven,  Conn 13       14       14 

DiTFKREXT  IxsTirmoxs  Eepezsextzd. 
Colleges  and  Universities  teaching  Engineering 

1909         1910         1911 

Domestic    126       121       137 

Foraign    9         12         12 

Manual  Training,  High,  Correspondence,  and  Trade 

Schools  9         13         16 

Total  Institutions   144       146       165 

Teachers,  and,  in  many  cases,  also  practitioners 642       767       7S7 

Practitioners,  not  teaching   105       171       253 

Total   Members    747       933     1040 
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CONSTITUTION 

OF   THE 

Society  for  the  Promotion  of  Engineering  Education 


1.  Name— This  organization  shall  be  called  the  Societt  for 
THE  Promotion  of  Engineering  Education. 

2.  JVIembers— Members  of  the  Society  shall  be  those  persons 
who  occupy  or  have  occupied  responsible  positions  in  the  work 
of  engineering  instruction,  together  with  engineering  practi- 
tioners and  other  persons  interested  in  engineering  education. 

Honorary  Members  of  the  Society  shall  be  such  persons  as 
may  be  recommended  by  unanimous  vote  of  the  Council  after 
a  letter  ballot.  In  taking  this  ballot,  the  Secretary  is  directed 
to  close  the  polls  one  month  after  the  names  of  the  candidates 
are  sent  out.  Councilors  not  heard  from  will  be  counted  in 
favor  of  the  candidate.  Honorary  Members  shall  not  have  the 
right  to  vote,  shall  not  be  eligible  to  office,  and  shaU  not  be 
required  to  pay  any  fees  or  dues. 

Any  Member  not  in  arrears  for  dues  may  become  a  Life 
Member  by  paying  Fifty  Dollars  into  the  Treasury  of  the 
Society  at  one  time. 

The  name  of  each  candidate  for  membership  shall  be  pro- 
posed in  writing  to  the  Council  by  two  members  by  whom  he 
is  personally  known.  Such  name,  if  approved  by  the  Coun- 
cil, shall  be  voted  on  by  the  Society  at  the  annual  meeting,  a 
vote  of  three-fourths  of  those  present  being  required  to  elect ; 
or,  during  the  period  between  annual  meetings,  an  affirmative 
letter  ballot  of  three-fourths  of  those  members  of  the  Council 
whose  vote  reaches  the  Secretary  within  one  month  from  the 
time  of  sending  out  the  name  of  the  candidate  shall  elect. 
Such  letter  ballot  elections  shall  be  credited  to  the  previoiis 
annual  meeting  and  dues  will  date  from  that  time. 


XVlll  CONSTITUTION. 

3.  Officers— There  shall  be  a  President,  two  Vice-Presi- 
dents, a  Secretary  and  a  Treasurer,  each  to  hold  office  for  one 
year,  or  until  their  successors  have  been  elected  and  have 
qualified.  The  Officers  shall  be  elected  by  ballot  of  the  So- 
ciety at  the  annual  meeting. 

4.  Council— The  Council  of  this  Society  shall  consist  of 
twenty-one  elective  members,  one-third  of  whom  shall  retire 
annually.  The  Officers  and  the  Past  Presidents  of  the  Society 
shaU  be  members  of  the  Council  ex-officiis. 

Any  member  of  this  Society  shall  be  eligible  to  election  to 
the  Council,  provided  that  not  more  than  one  elective  member 
shall  be  from  any  one  college. 

Members  of  the  Council  shall  be  elected  by  ballot  by  the 
Society  at  its  annual  meeting. 

The  Council  shall  constitute  a  general  executive  body  of  the 
Society,  pass  on  proposals  for  membership,  elect  candidates 
ad  interim,  attend  to  all  business  of  the  Society,  receive  and 
report  on  propositions  for  amendments  to  the  constitution, 
and  shall  have  power  to  fill  temporary'  vacancies  in  the  offices. 

The  President  of  the  Society  shall  be  Chairman  of  the 
Council,  and  the  Secretary  of  the  Society  shall  be  Secretary  of 
the  Council  and  shall  keep  the  minutes  of  its  meetings  and 
an  accurate  record  of  aU  its  actions. 

When  votes  taken  by  letter  ballot  of  the  Council  shall  be  re- 
quired, all  votes  which  reach  the  Secretary  within  one  month 
from  the  time  of  sending  out  the  ballots  shall  be  counted,  but 
votes  reaching  the  Secretary  later  than  the  time  here  specified 
shall  not  be  counted. 

5.  NoMiNATma  Committee— The  Nominating  Committee 
shall  consist  of  the  Past  Presidents  and  the  seven  elective 
members  of  the  Council  retiring  the  following  y?ar,  provided, 
however,  that  if,  of  this  committee,  the  number  in  attendance 
at  any  meeting  be  less  than  five,  the  President  shall  make  ap- 
pointments so  as  to  form  a  committee  of  five. 

6.  Fees  and  Dues— The  admission  fee,  which  shall  also  in- 
clude the  first  year's  dues,  shall  be  Four  Dollars  {$4.00), 
and  the  annual  dues  thereafter  Four  Dollars  {$4.00),  pay- 
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able  at  the  time  of  the  annual  meeting.  The  fiscal  year  shall 
end  with  the  opening  of  the  first  General  Session  of  the  An- 
nual Meeting.  Those  in  arrears  more  than  one  year  shall  not 
be  entitled  to  vote,  nor  to  receive  copies  of  the  Proceedings, 
and  such  members  shall  be  notified  thereof  by  the  Secretary 
one  month  pre\^ous  to  the  annual  meeting.  Any  member  who 
has  been  in  arrears  more  than  two  years  and  duly  notified  by 
the  Secretary,  shall  be  dropped  from  the  roll,  until  such  ar- 
rearages are  paid. 

7.  Meetings— There  shall  be  a  regular  meeting  occurring  at 
the  time  and  place  of  the  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  or  of  some  one  of  the  Na- 
tion Engineering  Societies,  or  otherwise  as  the  Council  may 
determine. 

8.  Publications— The  Proceedings  of  the  Society,  and  such 
papers  or  abstracts  as  may  be  approved  by  the  Council,  shall 
be  published  as  soon  as  possible  after  each  annual  meeting, 

9.  Amendments— This  Constitution  may  be  amended  by  a 
two-thirds  vote  of  those  present  at  any  regular  meeting  of  the 
Society  provided  the  Amendment  shall  have  been  approved 
by  a  two-thirds  vote  of  the  Council  taken  by  letter  ballot. 


BY-LAWS  OF  THE   SOCIETY  AND  RULES 
GOVERNING  THE  COUNCIL. 

First.  The  Officers  of  the  Society  shall  constitute  a  Com- 
mittee to  arrange  for  the  annual  meeting  and  to  prepare  a 
program  for  the  same. 

Second.  The  President,  the  Secretary  and  the  Treasurer 
shall  constitute  an  Executive  Committee  which  shall  have 
charge  of  all  matters  relating  to  the  expenditure  of  money  of 
the  Society,  the  making  of  appropriations  for  Committees  and 
other  purposes,  the  making  of  contracts,  the  approval  of  bills, 
and  also  during  the  period  between  the  meetings  of  the  Coun- 
cil shall  have  charge  of  other  business  affairs  of  the  Society. 

Third.  Expenditures  of  money  may  be  made  only  in  ac- 
cordance with  a  definite  appropriation  or  direct  vote  of  the 
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Executive  Committee  and  bills  shall  not  be  paid  by  tbe  Treas- 
urer until  they  have  been  approved  by  all  members  of  the 
Executive  Committee. 

Fourth.  Reading  of  papers  shall  be  limited  to  fifteen  min- 
utes each  or  to  such  other  time  as  may  be  designated  by  the 
Program  Committee,  and  abstracts  of  papers  of  about  three 
hundred  words  shall  be  printed  when  practicable,  and  distri- 
buted in  advance  to  the  members. 

Fifth.  The  time  occupied  by  each  person  in  the  discussion 
of  any  paper  shall  not  exceed  five  minutes. 

Sixth.  The  President,  the  Secretary  and  the  retiring  Sec- 
retary shall  constitute  a  Publication  Committee,  of  which  the 
Secretary  shall  be  Chairman,  to  edit  and  have  charge  of  the 
publication  of  the  Proceedings  of  the  Society,  except  the  vol- 
ume of  Proceedings  of  the  last  convention,  which  shall  he- 
edited  hy  the  retiring  Secretary.  If  at  any  time  there  be  no 
retiring  Secretary  the  retiring  President  shall  be  a  member  of 
this  Committee. 

Seventh.  Additions  or  amendments  may  be  made  to  these 
By-Laws  on  recommendation  of  the  Council  by  a  two-thirds 
affirmative  vote  at  any  regular  meeting  of  the  Society. 


PUBLICATIONS. 

The  publications  of  the  Society  can  be  obtained  from  the 
Secretary.  The  current  issues  are  distributed  gratuitously  to 
members  in  good  standing.  The  price  of  the  bound  volumes 
of  the  Proceedings  is  $2.50  to  non-members,  $2.00  to  public 
libraries,  and  $1.50  to  members  for  their  own  libraries. 

The  Bulletin  is  issued  monthly  from  September  to  June. 
The  price  to  non-members  is  %3.00  per  year.  Libraries  may 
order  the  Bulletin  and  the  Proceedings  at  $4.00  per  year,  if 
the  two  are  ordered  together. 

Reprints  of  papers  may  be  ordered  when  the  paper  is  in 
type  form,  and  either  with  or  without  covers,  at  a  price  de- 
pending upon  the  number  of  pages  and  copies  desired. 

Italics  in  the  above  indicate  changes  made  during  the  past  year. 


Peoceedixgs. 


Pittsburgh  ^Ieetixg. 
June  27  to  June  29,  1911. 


The  nineteenth  annual  meeting  of  the  Society  for  the  Pro- 
motion of  Engineering  Education  was  held  at  the  Carnegie 
Technical  Schools  and  the  University  of  Pittsburgh,  Pitts- 
burgh, Pa.,  on  Tuesday,  "Wednesday  and  Thursday,  June  27, 
28  and  29,  1911.  The  meetings  were  held  in  the  buildings  of 
the  Schools  of  Applied  Science  and  Applied  Industries  of  the 
Carnegie  Technical  Schools  and  in  Thaw  Hall  of  the  Univer- 
sity of  Pittsburgh. 


Tuesday,  June  27, 


Morning  Session. 

The  meeting  was  called  to  order  at  10 :00  a.  m.  by  President 
Arthur  N.  Talbot,  Professor  of  Municipal  and  Sanitary  Engi- 
neering. University  of  Illinois.  The  meeting  was  opened  by 
an  address  of  welcome  from  Director  Arthur  A.  Hamerschlag, 
of  the  Carnegie  Technical  Schools.  This  address  was  re- 
sponded to  bj'  President  Talbot. 

The  first  paper  of  the  meeting,  ' '  Teaching  English  in  Tech- 
nical Schools,"  by  Professor  S.  C.  Earle,  Tufts  College,  was 
presented  by  Dean  G.  C.  Anthony  of  Tufts  College.  Follow- 
ing this  Professor  F.  N.  Raymond,  of  the  University  of  Kansas, 
abstracted  his  paper  on  ' '  The  Preparation  of  Written  Papers 
in  Engineering  Schools. ' '  The  two  papers,  being  in  a  similar 
field,  were  discussed  together.  The  discussion  showed  great 
1  1 
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interest  in  the  subject.  The  President,  Mr.  Kent,  Mr.  Gehring, 
Professors  Jaeoby,  Telleen,  Hibbard,  Flather,  Tracy,  Young, 
Magruder  and  Raymond,  and  Dean  Anthony  took  part  in  the 
discussion. 

Professor  H.  "Wade  Hibbard  abstracted  a  paper  by  Profes- 
sor H.  S.  Philbrick  and  himself,  entitled  "The  Teaching  of 
Scientific  Shop  ]\Ianagement,  with  the  Use  of  Engineering 
School  Shops  as  the  Laboratory,"  They  opened  up  a  new 
field  for  study  by  the  Society.  An  animated  discussion  by 
Professors  Kunze,  Hibbard,  Wood,  Mr.  Kent  and  Director 
Williston  followed  the  reading  of  the  paper.  Professor  A.  H. 
Blanchard  then  read  his  paper  on  "Graduate  Courses  in 
Highway  Engineering  at  Columbia  University." 

At  the  close  of  the  morning  session  a  representative  of  the 
Conventions  Bureau  of  St.  Louis  presented  an  invitation  from 
that  body  for  the  Society  to  meet  in  St.  Louis  in  1912.  The 
invitation  was  informally  referred  to  the  incoming  Council 
for  attention.  Mimeographed  copies  of  the  reports  of  the 
Treasurer  and  the  Secretary  were  distributed  so  that  they 
might  be  studied  in  advance  of  their  formal  presentation. 

Afternoon  Session. 

The  larger  portion  of  the  afternoon  session  was  taken  up 
with  a  consideration  of  the  report  of  the  Committee  on  the 
Teaching  of  Mathematics  to  Engineering  Students.  This 
report  had  been  printed  in  full  in  the  Bulletin  during  the 
year  so  that  the  members  of  the  Society  had  had  ample  time 
to  study  it.  After  long  discussion  the  following  motions  were 
passed:  (1)  That  the  Society  accept  the  report  and  that  the 
syllabi  be  printed  in  the  Proceedings  of  the  Society  after  the 
Committee  has  made  such  additions  and  modifications  as  they 
desire  in  view  of  the  discussion  at  the  meeting;  and  (2)  that 
the  Committee  be  requested  to  bring  in  a  report  covering  the 
subjects  of  dynamics  and  numerical  calculations  at  the  next 
meeting.  The  hope  was  expressed  that  this  report  might 
appear  in  the  Bulletin  in  advance  of  the  1912  meeting. 
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Dean  C.  H.  Benjamin's  paper  "The  Balance  of  Courses 
in  Chemical  Engineering"  was  read  in  full  by  the  Sec- 
retary and  discussed  by  the  President,  Dean  Bishop,  and 
Professors  Wood,  Morse  and  Miller.  A  paper  by  Professor 
J.  H.  James,  of  the  Carnegie  Technical  Schools,  entitled 
"Chemical  Education  for  the  Industries"  was  then  read 
by  title. 

Evening  Session. 

In  the  evening  after  the  dinner  at  the  Country  Club,  ten- 
dered to  the  Society  by  Director  A.  A.  Hamerschlag  on  behalf 
of  the  Carnegie  Technical  Schools,  President  Talbot  delivered 
his  presidential  address  on  the  subject  "The  Engineering 
Teacher  and  his  Preparation. ' ' 


Wednesday,  June  28. 


Morning  Session. 

In  accordance  with  the  instructions  of  the  Council  the  Sec- 
retary announced  that  at  the  evening  session  the  question  of 
raising  the  dues  to  $4.00  per  year  would  come  up  for  discus- 
sion and  settlement.  After  a  thorough  study  of  the  matter 
during  the  year  the  Program  Committee  had  recommended 
that  it  is  advisable  to  continue  the  publication  of  the  Bulletin 
and  that  it  seems  practicable  to  do  so  by  an  increase  in 
the  dues. 

Chairman  J.  J.  Flather,  of  the  Committee  on  Entrance  Re- 
quirements, presented  an  abstract  of  the  report  of  the  Com- 
mittee, which  had  appeared  in  the  Bulletin.  He  stated  that 
the  report  is  essentially  the  same  as  that  presented  at  the 
Madison  meeting  with  the  exception  of  the  requirements  in 
mathematics.  He  stated  farther  that  the  members  of  the 
Committee  wished  the  report  to  be  considered  a  final  one  and 
that  they  desired  to  be  discharged.  After  a  very  full  discus- 
sion of  the  report  the  following  motion  was  passed :  That  the 
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report  of  the  Cominittee  be  accepted  with  the  thanks  of  the 
Society  and  that  the  Committee  be  discharged.  It  was  the 
sense  of  the  meeting  that  the  Committee  has  the  right  to  make 
slight  modifications  in  the  report  before  it  is  printed  in  the 
Proceedings  if  they  so  desire.  As  the  Committee  on  Entrance 
Requirements  is  a  standing  one,  President  Talbot  called  atten- 
tion to  the  fact  that  the  incoming  administration  would  ap- 
point a  new  committee. 

At  this  point  in  the  session  President  Talbot  announced  as 
the  Committee  on  Resolutions,  Professors  J.  C.  Tracy,  H.  S. 
Jacoby  and  E.  C.  Schmidt;  and  as  the  Auditing  Committee, 
Professors  A.  J.  Wood,  J.  E.  Boyd  and  J.  P.  Spalding,  He 
also  called  attention  to  the  fact  that  the  Nominating  Com- 
mittee consists  of  the  past-presidents  of  the  Society  and  of 
those  members  of  the  Council  whose  terms  of  office  expire  at 
the  next  meeting. 

After  the  above  announcements,  Mr.  H.  A.  Gehring,  of  the 
staff  of  the  New  York  State  Engineer,  read  a  paper  on  "The 
Use  of  Logarithmic  Diagrams  in  Laboratory  Work."  The 
members  present  agreed  with  the  speaker  as  to  the  importance 
of  checking  results  as  laboratory  work  proceeds.  Professor 
J.  M.  White,  of  the  University  of  Illinois  then  read  his  paper 
on  ' '  The  Architecture  of  Engineering  Schools. ' ' 

After  the  morning  session  an  opportunity  was  afforded  for 
the  members  to  make  a  brief  inspection  of  the  buildings  of  the 
Carnegie  Technical  Schools. 

Evening  Session. 

The  evening  session  was  held  in  the  main  lecture  room  of  the 
School  of  Applied  Industries  of  the  Carnegie  Technical 
Schools.  An  executive  session  was  first  on  the  program.  The 
Council  made  a  number  of  recommendations  which  were  acted 
upon  as  follows: 

1.  That  a  list  of  forty-two  applicants,  approved  at  the 
morning  meeting  of  the  Council,  be  elected.  The  Secretary 
was  instructed  to  cast  a  unanimous  favorable  ballot  for  the 
Society,  which  he  did. 
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2.  That  the  dues  of  the  Society  be  increased  to  four  dol- 
lars per  year,  this  recommendation  having  been  made  by  the 
Program  Committee  and  approved  by  the  Council  by  letter 
ballot  more  than  thirty  days  in  advance  of  the  meeting.  The 
recommendation  was  unanimously  approved  by  the  Society. 

3.  That  the  Bulletin  be  continued  and  established  as  a 
permanent  institution.     This  was  unanimously  adopted. 

4.  That  the  By-laws  be  amended  as  follows :  Add  to  line  4, 
article  6  "except  the  volume  of  the  Proceedings  of  the  last  con- 
vention, which  shall  be  edited  by  the  retiring  Secretary." 
After  explanation  by  the  President  that  the  purpose  of  the 
by-laws  is  to  make  it  the  duty  of  the  retiring  Secretary  to 
edit  the  proceedings  of  the  meeting  which  he  had  organized 
and  with  which  he,  therefore,  was  most  familiar,  the  amend- 
ment was  unanimously  adopted. 

5.  That,  in  view  of  the  diflSculty  of  doing  justice  to  the 
enormous  number  of  technical  books,  it  is  deemed  inexpedient 
to  publish  the  report  of  the  Committee  on  Technical  Books 
for  Libraries.  This  recommendation  was  adopted  after  ex- 
planation that  the  recommendation  of  the  Council  was  made 
after  the  presentation  of  a  report  to  the  same  effect  from  the 
Program  Committee  which  had  given  careful  study  to  the 
matter  during  the  year. 

The  reports  of  the  Treasurer  and  the  Secretary  were  next 
presented.  As  these  had  been  distributed  in  mimeograph 
form  they  were  not  read.  The  reports  were  accepted  by  the 
Society  with  a  vote  of  thanks  for  the  efforts  of  all  of  the 
officers  to  make  the  work  of  the  Society  a  success  during  the 
past  year.  The  Auditing  Committee,  consisting  of  Professors 
A.  J.  Wood,  J.  P,  Spalding  and  J.  E.  Boyd,  then  reported 
that  they  had  examined  the  Treasurer's  records  and  vouchers 
and  that  these  had  been  found  to  be  correct. 

Mr.  Kent  suggested  that  as  the  finances  of  the  Society  seem 
to  warrant  it,  in  the  future  all  papers  should  be  printed  in 
advance  of  the  meeting  so  that  the  members  can  have  an 
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opportunity  to  study  them  carefully.  In  this  case  it  would 
not  be  necessary  to  consume  more  than,  say,  five  minutes  in 
the  presentation  of  an  abstract  at  the  meeting.  Professor 
Jacoby  endorsed  this  suggestion  and  stated  that  the  members 
should  be  able  to  expect  the  Program  Committee  to  set  a  date 
on  which  the  manuscripts  of  papers  shall  be  in  hand,  giving 
the  right  of  way  at  the  meetings  to  papers  which  have  been 
printed  in  advance.  Provision  should  be  made  for  papers 
which  come  in  late  but  it  should  be  understood  that  these 
will  have  only  such  consideration  as  can  be  given  them  after 
the  other  papers  have  been  considered. 

Professor  Magruder  raised  a  question  as  to  the  proper  time 
of  the  year  at  which  the  meetings  of  the  Society  should  be 
held.  A  number  of  members  spoke  informally, ' '  pro  and  con, ' ' 
as  to  the  desirability  of  holding  winter  meetings.  An  in- 
formal ballot  showed  a  strong  preference  among  those  present 
for  a  continuance  of  the  present  practice  of  holding  meetings 
in  the  early  summer. 

The  Nominating  Committee  made  the  following  report, 
signed  by  Professor  C.  L.  Crandall  as  chairman : 

The  Nominating  Committee  nominates  the  following  mem- 
bers for  the  respective  oflSces  for  the  ensuing  year. 

For  President :  W.  G.  Raymond,  University  of  Iowa. 

For  Vice-presidents:  G.  C.  Anthony,  Tufts  College,  and 
Frank  B.  Gilbreth,  New  York  City. 

For  Members  of  Council:  J.  E.  Boyd,  Ohio  St^te  Univer- 
sity; C.  E.  Crouch,  University  of  North  Dakota:  C.  E.  Mag- 
nusson,  University  of  Washington;  H.  H.  Stoek,  University 
of  lUinois;  J.  A.  L.  WaddeU,  Kansas  City;  A.  J.  Wood,  Penn- 
sylvania State  College. 

For  Secretary :  H.  H.  Norris,  Cornell  University. 

For  Treasurer :  W.  0.  Wiley,  New  York  City. 

After  passing  a  motion  that  the  nominations  be  closed,  the 
Society  instructed  the  President  to  cast  a  ballot  for  the  nomi- 
nees named  by  the  Committee,  which  was  done. 

The  balance  of  the  evening  session  was  devoted  to  the  pres- 
entation and  discussion  of  two  papers.  ''The  Wentworth  In- 
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stitute"  by  Director  A.  L.  Williston,  and  "The  College  Cam- 
pus," by  Professor  J.  M.  White.  The  former  was  illustrated 
by  charts  and  the  latter  by  lantern  slides.  A  number  of  in- 
teresting features  of  college  campuses  and  buildings  were 
brought  out  in  the  discussion,  particularly  the  relation  of  the 
architect  to  the  faculty  in  the  planning  and  construction  of 
buildings.  Another  was  the  location  of  the  library  building 
on  the  campus  with  a  view  to  increasing  the  use  of  books  by 
making  the  building  accessible.  These  and  other  topics  were 
vigorously  discussed  until  a  late  hour.  After  the  President 
had  invited  the  newly-elected  members  of  the  Council  to  meet 
with  the  1910-1911  Council  the  next  morning  the  meeting 
adjourned. 


Thursday,  June  29. 


Moryiing  Session. 

The  meeting  was  called  to  order  at  9 :30  by  Vice-president 
Kent,  who  at  the  imitation  of  the  President  presided  at  the 
session.  The  meeting  was  held  in  Thaw  Hall  of  the  Univer- 
sity of  Pittsburgh  and  Chancellor  S.  B.  McCormick,  of  the 
University,  welcomed  the  Society  to  the  University.  He  ex- 
plained somewhat  of  the  history  of  the  University  and  of  its 
relation  to  the  other  educational  institutions  of  the  vicinity. 
Vice-president  Kent  responded  to  the  Chancellor's  words  of 
welcome. 

Professor  S.  B.  Charters,  of  the  Leland  Stanford,  Jr.,  Uni- 
versity, abstracted  a  paper  prepared  by  Professor  W.  A.  Hille- 
brand  and  himself  on  "An  Engineering  Course  for  Under- 
classmen. ' '  This  was  followed  by  a  paper  on  ' '  Electrical  En- 
gineering Instruction  "  prepared  and  presented  by  Professor 
E.  B.  Paine,  of  the  University  of  Illinois.  Dean  W.  G.  Ray- 
mond's paper  entitled  "All-year  Sessions:  Individual  Instruc- 
tion: Renewed  Suggestions,"  which  had  been  printed  in  full 
on  the  program,  was  received  by  title.  These  three  papers 
were  discussed  briefly. 
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The  concluding  papers  of  the  session  and  of  the  convention 
were  of  a  similar  nature  and  they  were  therefore  grouped 
together  for  presentation  and  discussion.  These  were :  "Tech- 
nical Training  from  the  Business  Man 's  Standpoint, ' '  by  Mr. 
E.  B.  Raymond,  Vice-president  of  the  Pittsburgh  Plate  Glass 
Company;  "Adapting  Technical  Graduates  to  the  Indus- 
tries," by  Messrs.  C.  F.  Scott  and  C.  R.  Dooley,  of  the  West- 
inghouse  Electric  and  Manufacturing  Company;  and  "The 
Cooperative  System  of  Engineering  Education  at  the  Uni- 
versity of  Pittsburgh,"  by  Dean  F.  L.  Bishop,  The  Society 
then  proceeded  to  discuss  the  qualities  of  technical  students 
and  graduates. 

The  President  then  took  the  chair  and  called  for  the  report 
of  the  Committee  on  Resolutions.  The  following  report  was 
presented  and  adopted: 

"The  visit  of  the  Society  to  Pittsburgh  has  been  made 
pleasant  to  its  members  by  the  many  courtesies  and  oppor- 
tunities for  enjoyment  offered  by  those  who  have  so  generously 
assumed  the  responsibility  for  this  entertainment.  The  So- 
ciety appreciates  the  thoughtfulness  and  kindness  which  have 
been  shown  in  so  many  ways,  and  it  desires  to  record  this 
appreciation.     Therefore, 

"Be  it  Resolved,  that  the  thanks  of  the  Society  be  hereby 
tendered  to  the  Administrations  and  Faculties  of  the  Carnegie 
Technical  Schools  and  the  University  of  Pittsburgh  for  pro- 
viding places  of  meeting  and  for  their  hospitable  care  and 
entertainment ;  to  the  manufacturing  firms  of  Pittsburgh  and 
the  vicinity  who  have  contributed  so  much  of  pleasure  and 
profit  to  the  Society  by  opening  their  works  for  inspection; 
to  the  local  committee  to  whose  efforts  and  zeal  so  much  of  the 
success  of  the  convention  is  due ;  and  to  all  others  who  in  any 
way  have  acted  as  hosts  to  the  members  of  the  Society  and 
to  the  ladies  who  have  accompanied  them." 

(Signed)      Henry  S.  Jacoby, 

Edward  C.  Schmidt, 
J.  C.  Tracy, 

Committee. 
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Social  Features  of  the  Convention. 
In  planning  the  program  of  entertainment,  the  local  com- 
mitte  arranged  for  every  possible  opportunity  for  the  mem- 
bers to  get  together  for  informal  discussion.  At  noon  on 
Tuesday  and  Wednesday  buffet  luncheons  were  served  in  the 
Margaret  Carnegie  School  for  Women,  conveniently  located 
with  respect  to  the  convention  building.  An  ample  allowance 
of  time  for  the  luncheon  was  made  and  this  was  utilized  by 
the  members  in  renewing  old  acquaintances  and  forming  new 
ones.  Following  the  Tuesday  afternoon  session  the  members 
went  by  car  and  automobile  to  the  Country  Club  where  they 
had  the  opportunity  of  meeting  the  ladies  of  the  faculties  of 
the  Carnegie  Technical  Schools  and  the  University  of  Pitts- 
burgh, and  several  of  the  trustees  with  their  wives.  After  a 
social  hour  in  ideal  surroundings  the  members  and  other 
guests  enjoyed  a  delightful  dinner  tendered  by  Director  A. 
A.  Hamerschlag  on  behalf  of  the  Carnegie  Technical  Schools. 
The  only  after-dinner  speeches  were  a  short  one  by  Director 
Hamerschlag  and  the  presidential  address  of  Professor  A. 
N.  Talbot. 

On  Thursday,  following  the  morning  session,  the  Univer- 
sity of  Pittsburgh,  with  Chancellor  S.  B.  McCormick  as  host, 
entertained  the  members  at  luncheon  at  the  University  Club. 
On  Thursday  evening  an  informal  reception  was  held  in  the 
foyer  of  the  Carnegie  Music  Hall.  Here  an  opportunity  was 
afforded  for  the  local  alumni  of  the  various  colleges  to  meet 
their  former  teachers.  Large  placards  marked  the  rall3nng 
places  for  a  number  of  the  colleges  and  each  man  present  was 
tagged  with  the  names  of  all  of  the  educational  institutions 
with  which  he  had  been  connected.  After  the  reception  a 
brief  program  was  given  on  the  great  organ  and  a  few 
remarks  were  made  by  the  famous  lens  maker,  Mr.  Brashear, 
The  members  then  visited  the  museum  and  picture  gallery  of 
the  Institute. 

During  the  sessions  the  ladies  of  the  convention  were  enter- 
tained by  the  local  ladies  with  receptions  and  automobile 
rides. 
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ExcuBsioxs  TO  Industrial  Plants. 

As  the  convention  was  held  in  the  heart  of  the  industrial 
district  the  local  committee  made  the  most  of  the  opportunity 
to  show  the  visitors  the  manufacturing  wonders  of  the  neigh- 
borhood. TVednesday  and  Thursday  afternoons  were  devoted 
to  these  excursions  and  a  number  of  members  remained  after 
the  convention  for  additional  trips  at  the  invitation  of  the 
committee.  The  value  of  the  inspection  trips  was  enhanced 
by  a  handsome  hand-book  which  the  local  committee  prepared 
and  distributed  to  every  member  of  the  Society,  whether  he 
expected  to  attend  the  meeting  or  not.  This  was  done  with- 
out expense  to  the  Society.  The  book  was  well  illustrated  and 
contained  descriptions  of  all  the  important  manufacturing 
plants  in  the  vicinity. 

For  the  tireless  efforts  of  the  local  committee  to  make  the 
meeting  a  success  the  thanks  of  the  Society  are  due.  The 
committee  consisted  of  Dean  J.  H.  Leete,  chairman,  Mr.  C.  F. 
Scott,  Deans  C.  B.  Connelley  and  F.  L.  Bishop,  and  Pro- 
fessor W.  E.  Mott. 

Attendance  at  the  Convention. 

One  hundred  and  nineteen  members  and  guests  registered 
at  the  meeting,  a  number  considerably  smaller  than  were  in 
attendance  last  year.  This  shrinkage  may  be  attributed  to 
the  fact  that  other  important  conventions  were  in  session  at 
the  same  time.  It  had  been  found  impracticable  to  avoid 
conflicts  but  it  is  hoped  that  by  another  year  arrangements 
can  be  made  with  other  societies  by  which  such  conflicts  may 
be  minimized. 

The  names  registered  are  as  follows :  M.  W.  Alexander,  G.  C. 
Anthony,  H.  T.  R.  Aude,  E.  E.  Bankson,  Frederic  Bass,  H.  M. 
Biebel,  F.  L,  Bishop.  A.  H.  Blanchard,  J.  E.  Boyd,  J.  N. 
Bradford.  A.  M.  Buck.  F.  E.  Burpee,  H.  A.  Calderwood, 
T.  L.  Cannon.  R.  A.  Caughey,  S.  B.  Charters,  jr.,  J.  J.  Clark. 
E.  F.  Coddington.  C.  B.  ConneUey,  C.  L.  CrandaU,  W.  R. 
Crane,  C.  H.  Crouch.  H.  B.  Dates.  C.  R.  Dooley,  C.  E. 
Downton,  W.  H.  Dosey,  TV.  TV.  Dunkin.  P.  M.  Dysart.  C.  R. 
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Eastman,  F.  L.  Emory,  D.  D.  Ewing,  J.  J.  Flather,  M.  M. 
Foss,  T.  E.  French,  A.  E.  Frost,  H.  A.  Gehring,  Edward 
Godfrey,  C.  0.  Gunther,  A.  A.  Hamerscblag,  P.  W.  Hepburn, 
H.  Wade  Hibbard,  H.  H.  Higbie,  J.  W.  Hughes,  J.  A.  Hunter, 
J.  P.  Jackson,  H.  S.  Jacoby,  Mrs.  Jacoby,  J.  H.  James,  A.  W. 
KeUy,  Morris  Knowles,  Wm.  Kent,  A.  M.  Kenyon,  Albert 
Kingsbury,  E.  J.  Kunze,  Mrs.  Kunze,  V.  E.  Laknosky,  J.  H. 
Leete,  S.B.  Linhart.  S.  B.  McCormick,  F.  M.  :McCullough, 
F.  F.  Mcintosh,  W.  T.  Magruder,  Anson  Marston,  E.  R. 
Maurer,  C.  L.  Mees,  H.  B.  Meller,  E.  E.  Mercer,  Hugh  Miller, 
J.  T.  Morris,  G.  H.  :Morse,  J.  L.  Morse,  W.  E.  Mott,  J.  H. 
Nelson,  H.  H.  Xorris,  Frank  Orbin,  E.  B.  Paine,  Earl 
Querbach,  F.  X.  Raj-mond,  N.  C.  Riggs,  S.  R.  Rhodes,  W.  J. 
Risley.  Ralph  Rogers,  A.  B.  Sage,  H.  E.  Satterfield,  J.  A. 
Schaeffer,  E.  C.  Schmidt,  W.  H.  Schuerman,  P.  K.  Slaymaker, 
H.  E.  Smith,  J.  H.  Smith,  L.  B.  Smith,  F.  P.  Spalding,  R.  F. 
Stewart,  H.  H.  Stock,  T.  L.  Sturges,  jr.,  A.  N.  Talbot, 
Mrs.  Talbot,  J.  M.  Telleen,  H.  R.  Thayer,  G.  L.  Thomas, 
J.  S.  Thompson,  J.  C.  Tracy,  C.  L.  W.  Trinks,  F.  E. 
Turneaure,  M.  E.  Wadsworth,  F.  C.  Wagner,  R.  J.  Watson, 
J.  B.  Webb,  John  Weber,  C.  N.  Wenrick,  A.  L.  Westcott, 
J.  M.  White,  W.  0.  Wiley,  A.  L.  Williston,  A.  J.  Wood,  Mrs. 
Wood,  W.  R.  Work,  A.  J.  Wurts,  C.  M.  Young. 

Minutes  of  the  Council  Meetings  at  Pittsburgh. 
First  Session,  June  28. 

The  meeting  was  called  to  order  at  9 :00  a.  m.  by  President 
Talbot  with  the  following  members  present:  Crandall,  Hib- 
bard, Leete,  Magruder,  Maurer,  Xorris,  Talbot,  Turneaure 
and  Wiley. 

A  list  of  42  applicants  was  recommended  to  the  Society  for 
election,  as  follows:  M.  W.  Alexander,  C.  E.  Ard,  E.  A.  Ave- 
rill,  C.  C.  Bishop,  R.  A.  Caughey,  E.  F.  Coddington,  Geo.  A. 
Damon,  C.  H.  Davis,  V.  Y.  Davoud,  A.  D.  DuBois,  E.  J. 
Edwards,  S.  P.  Farwell,  F.  W.  Frost,  F.  B.  Gilbreth,  A.  H. 
Goldingham,  A.  C.  Harper,  H.  E.  T.  Haultain,  G.  G.  Hitch- 
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cock,  Sentero  Kondo,  Brother  Hubert  Lewis,  E.  H.  McAlister, 
E.  S.  McCaffery,  Ben  McCrum,  S.  C.  McMeen,  WiUiam  Maver 
Jr.,  Gaston  Ossa,  A.  L,  Rohrer,  S.  R.  Schealer,  L.  B.  Selby, 
J.  M.  Smith,  0.  L.  Snow,  J.  B.  Swinney,  Jas.  Thompson,  F, 
P.  Valentine,  J.  A.  Veazey.  F.  L.  0.  Wadsworth,  F.  C, 
Wagner,  S.  T.  TVagner,  E.  H.  Waldo,  0.  L.  Waller,  C.  W. 
Watts,  J.  P.  J.  Williams. 

It  was  voted  to  recommend  to  the  Society  the  increase  of 
the  dues  to  $4.00  to  permit  the  continuation  of  the  Bulletin 
and  the  Secretary  was  instructed  to  make  an  announcement 
to  this  effect  to  the  Society  preliminary  to  the  executive  ses- 
sion of  the  Society. 

The  Treasurer  was  authorized  to  expend  a  sum  not  to  exceed 
$200  for  the  opening  of  a  set  of  double-entry  books,  this  sum 
to  include  the  honorarium  of  the  Treasurer's  assistant  for  the 
year  1911-1912. 

It  was  voted  to  recommend  to  the  Society  the  continuation 
of  the  Bulletin  and  its  establishment  as  a  permanent 
institution. 

On  motion  of  Professor  Magruder  it  was  voted  to  recom- 
mend to  the  Society  the  addition  to  line  4.  article  6,  of  the 
By-Laws  the  follo^ving:  "except  the  volume  of  the  Proceedings 
of  the  last  convention,  which  shall  be  edited  by  the  retiring 
secretary. ' ' 

The  Council  received  the  report  of  the  Program  Committee 
to  the  effect  that  in  the  unanimous  opinion  of  the  Committee 
it  is  inexpedient  to  print  the  report  of  the  Committee  on 
Technical  Books  for  Libraries,  as  it  is  practically  impossible 
to  do  justice  to  the  enormous  number  of  technical  books  on 
the  market. 

Second  Session,  June  29. 

President  Talbot  called  the  meeting  to  order  at  9  :00  a.  m., 
with  the  following  members  present  (the  list  includes  mem- 
bers of  the  new  Council)  :  Messrs,  Emory,  Kent,  Magruder, 
Norris,  Talbot  and  Wood. 
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Letters  were  read  from  officials  of  Atlantic  City,  Niagara 
Falls,  St.  Louis,  and  Chicago,  inviting  the  Society  to  meet  at 
these  respective  cities  next  summer. 

The  Council  voted  to  recommend  to  the  incoming  Council  the 
city  of  Boston  for  the  next  meeting,  provided  that,  for  special 
reasons,  some  other  city  does  not  prove  more  suitable. 

Resignations  were  accepted  from  Messrs.  J.  H.  Barr  and 
J.  B.  Stanwood. 

On  motion  of  Professor  Magruder  the  standing  committee 
on  statistics  was  discharged  and  a  new  one  ordered. 

A  letter  from  Dean  A.  H.  Fuller  concerning  certain  sta- 
tistics of  sizes  of  sections,  duties  of  instructors,  etc.,  was 
referred  to  the  Committee  on  Statistics. 

The  Secretary  was  instructed  to  ascertain  the  status  of  the 
work  of  the  Joint  Committee  on  Engineering  Education. 

Henry  H.  Norris, 
Secretary. 

SECRETARY'S  REPORT,  1910-1911. 

To  the  Society  for  the  Promotion  of  Engineering  Education: 

The  work  of  the  Secretary's  department  during  the  past  year  has 
<;omprised  the  following  divisions: 

a.  Editing  the  Proceedings  of  the  Society. 

6.  Publishing  the  Proceedings. 

e.  Maintaining  a  correct  roll  of  members  with  addresses  and  publish- 
ing the  same. 

d.  Conducting  a  continuous  membership  campaign. 

e.  Editing  the  Bulletin. 

/.  Publishing  the  Bulletin. 

g.  Miscellaneous  correspondence. 

h.  Filing  and  arranging  the  Society's  records. 

Peoceedixgs. 
With  the  sanction  of  the  Council  the  membership  list  was  omitted 
from  the  Proceedings  this  year  and  the  size  of  the  volume  was  thus 
kept  down.  In  addition  the  weight  of  paper  was  reduced  for  the  same 
purpose.  The  size  of  type  had  been  reduced  the  previous  year.  As  a 
result  the  volume  has  been  kept  of  convenient  size  although  the  amount 
of  material  contained  is  much  greater  than  that  of  any  preceding,  ex- 
cept 1907.  Many  valuable  contributions  to  the  discussion  were  obtained 
after  the  meeting  by  means  of  the  publication  of  papers  in  the  Bulletin. 
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The  publication  of  the  Proceedings  involved,  among  other  items,  an 
advertising  campaign.  All  of  the  important  libraries,  about  1.100  in 
ntmiber,  were  notified  of  the  appearance  of  the  volume  and  a  number  of 
copies  were  sold.  The  sale  of  back  volumes  to  members  and  others  also 
was  continued  and  with  the  sale  of  the  current  volume  to  outsiders 
formed  a  satisfactoiy  soure«  of  income.  In  spite  of  the  large  sal^ 
however,  the  total  stock  is  much  larger  than  last  rear.  A  large  stoek 
has  been  kept  at  the  Secretary's  office,  but  the  main  storage  is  at  the 
printer's  at  Lancaster.  Pa.     The  stock  is  fully  insured- 

"MsMBEBSHTP, 

The  gross  increase  of  membership  during  the  year  has  amounted  to 
211  (see  appendix)  exclusive  of  a  long  list  of  applications  to  be  acted 
upon  at  the  meeting.  A  very  small  ntimber  of  resignations  were  re- 
ceived, but  the  Council  will  be  obliged  to  drop  a  score  or  more  for  non- 
payment of  dues.  The  Secretary  has  been  assisted  in  this  work  by  a 
large  membership  committee  with  representatives  from  several  different 
professions.  Several  members  of  the  committee  have  rendered  much 
assistance.  By  means  of  form  and  personal  letters  several  thousand 
p-ersons  have  been  invited  to  join  during  the  year.  The  membership 
passed  the  "1,000-mark"  about  March  1st.  A  number  of  members  not 
on  the  membership  committee  have  sent  in  applications.  Their  help  has 
been  greatly  appreciated- 

Bnj.z-iK. 

The  editorial  work  has  consisted  in  securing  news  of  the  colleges,  in 
arranging  the  papers  for  pubHeation,  etc.  A  number  of  members  agreed 
to  act  as  correspondents  and  these  have  sent  in  numerous  interesting 
news  and  other  items. 

The  publication  work  has  been  greater  than  the  editorial  Securing 
advertising  support  has  presented  some  difficulties  as  advertisers  are 
wary  regarding  new  publications.  Several  advertisers,  J:'jwever.  have 
stood  by  loyally  and  others  are  taking  hold-  Tables  shovring  the  record 
of  the  year's  advertising  are  given  in  an  appendix. 

Other  Mattzes. 
Ihiring  the  year  the  various  records  of  the  Society  have  been  gone 
over  and  all  tiseless  matter  eliminated.  An  accession  list  of  members 
from  the  beginning  has  been  prepared  with  as  accurate  a  record  of  with- 
drawals as  it  has  been  possible  to  make.  Sectional  filing  cabinets  of 
modem  design  have  been  procured  and  the  property  of  the  Society  has 
been  arranged  for  ready  reference.  A  large  room  at  the  Secretary's 
residence  has  been  fitted  up  for  the  Society's  use  and  a  stenographer 
is  continuotisly  employed  in  the  many  activities  of  the  Society. 
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The  correspondence  involves  the  keeping  in  touch  with  other  societies 
and  the  press,  the  arranging  of  details  for  the  program  and  other 
committees,  etc. 

EespectfuUy  submitted, 

Henry   H.   Xorris, 

Secretary. 

APPENDIX  TO  SECRETARY'S  REPORT. 

Xew  Membebs. 

Elected  by  letter  ballot,  September  1,  1910:  M.  A.  de  Oiatelain,  E.  H. 
Fisher,  Frank  Koester.     (3.) 

Elected  by  letter  ballot,  October  30,  1910:  L.  E.  Akeley,  W.  E. 
Barlow,  P.  L.  Beam,  J.  A.  Bensel.  W.  H.  Breithaupt,  A.  M.  Buck,  C.  S. 
Burns,  H.  J.  Burt,  I.  P.  Church,  W.  W,  Colpitts,  M.  L.  Cooke,  P.  H. 
Daggett,  E.  A.  Gibbs,  A.  J.  Gibson,  Henry  Goldmark,  J.  C.  Hallsted, 
L.  A.  Hazeltine,  W,  O.  Henderer,  E.  G.  Hoefer,  E.  P.  Iyer,  E.  S.  Jar- 
rett,  Phelps  Johnson,  J.  E.  Kaulfuss,  H.  G.  Kelley,  H.  H.   McClintic, 

D.  "W.  McNaugher,  Leonard  Metcalf,  J.  C.  Ealston,  W.  H.  Easche,  H.  A. 
Sayre,  J.  D.  Schuyler,  H.  "W.  Smith,  J.  F.  Stevens,  G.  W.  Stewart, 
Gustav  Wittig,  P.  L,  Wolfel,  S.  M.  Woodward.     (37.) 

Elected  by  letter  ballot,  November  25,  1910:  F.  L.  Bixby,  J.  N. 
Bryant,  W.  H.  Burger,  W.  L.  Church,  W.  W.  Curtis,  N.  B.  Garver,  M.  W. 
Haskell,  H.  C.  Kendall,  F.  "W.  Marquis,  C.  E.  Noerenberg,  G.  W.  Pickels, 
Jr.,  J.  N.  Vedder,  O.  E.  Williams.     (13.) 

Elected  by  letter  ballot.  November  30,  1910:  A.  A.  Adler.  Wm.  W. 
Bird,  Geo.  L.  Brown,  L.  W.  Chase,  E.  F.  Church,  Jr.,  Enrique  Cruchaga 
Ossa,  F.  M.  Dawson,  L.  M.  Dennis,  J.  F.  H.  Douglas,  E.  J.  Fogg,  F.  S. 
Foote,  Sr.,  H.  W.  Heidenger,  J.  C.  Hubbard,  Chas.  Jablow,  A.  J.  Job- 
son,  A.  E.  Keller,  J.  A.  Lahmer,  J.  F.  LeBaron,  Jacob  Lund,  Jas.  C. 
Lund,  F,  C.  Miller,  H.  E.  Murdock,  F.  Y.  Parker,  W.  S.  Payne,  J.  E. 
Easmusen,  J.  J.  Eichey,  F.  K.  Eichtmyer,  A.  A.  Eobinson,  L.  A.  Scipio, 

E.  C.  Shankland,  P.  K.  Slaymaker,  J.  E.  Smith,  E.  K.  Steward,  Chas.  L. 
Walker,  A.  E.  White,  Paul  Willis,  H.  C.  Woods.   (37.) 

Elected  by  letter  ballot,  December  13,  1910:  G.  G.  Anderson.  G.  F. 
Blessing,  A.  W.  Browne,  J.  T.  Buser,  T.  C.  du  Pont,  Isami  Hiroi, 
H.  E.  Marsh,  F.  A.  Molby,  Eichard  Morris,  J.  L.  Morse,  J.  C.  Parker. 
G.  C.  Priester,  A.  C.  Prime,  D.  B.  Steinman,  S.  A.  Stephenson,  Jr.,  T.  L. 
Sturges,  Jr.,  A.  J.  Wurts.     (17.) 

Elected  by  letter  ballot,  December  31,  1910:  F.  A.  Berger.  F.  C. 
Bolton,  A.  C.  Callen,  G.  W.  Lamke,  Chas.  McGonigle,  B.  L.  Miller, 
Everett  Xorss,  C.  W.  Nichols,  M.  E.  Eichardson,  W,  J.  Eisley,  L.  K. 
Eussell,  E.  O.  Sweetser.     (12.) 

Elected  by  letter  ballot,  February  25,  1911:   H.  Berents,  A.  E.  Cra- 
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thorue..  W.  W.  Crosbv.  F.  W.  Durkee,  J.  B.  Frear.  F.  J.  Kircher,  J.  J. 
Long,  F.  M.  Mann,  W.  K.  ilonroe,  E.  B.  Paine.  C.  W.  Parks.  J.  A. 
Bandall,  Alfred  BaTinond,  W.  J.  Baymond,  H.  L.  Eeitz,  W.  I.  Slichter, 
H.  C.  Yan  Bnskirk.     (17.) 

Elected  bv  letter  ballot,  April  13.  1911:  A.  W.  Beiresford,  J.  C. 
Bland,  L.  F.  Blmne,  C.  C.  Chesney,  C.  A.  Coffin.  C.  W.  Converse,  E.  L. 
Coster,  Gano  Ehinn,  A-  J.  Frith,  L.  H.  Fry,  Henry  Grardner,  F.  A. 
Geier,  W.  P.  Gerhard.  J.  F.  Gilchrist,  C.  B.  Grimm.  C.  T.  Hagerty, 
W.  J.  Harahan,  Henry  Hess,  T.  S.  Hewerdine,  C.  W.  Hunt,  E.  P.  Hyde, 
B.  F.  Lovelace,  G.  W.  McCoard,  C.  T.  Main,  VT.  D.  Marks,  S.  A.  Moss, 
J.  E.  Muhlfeld,  Wniard  Pope.  E.  L.  Powers,  A.  B.  Smith,  F.  H.  Stni- 
man,  C.  L.  von  Ende,  G.  A.  Wells,  Jas.  G.  White.     (34.) 

Elected  by  letter  ballot,  May  17,  1911:  E.  H.  Beckstrand,  E.  H. 
Bradford,  W.  A.  Bratton,  Andrew  Carnegie,  H.  H.  Carroll,  S.  B.  Char- 
ters, Jr.,  Paul  Qoke.  Chas.  Day,  J.  A-  Dent.  P.  M.  Dysart.  E.  S. 
Foster,  J,  L.  Gibson.  Eudolph  Hering.  T.  P.  Holt.  L.  L.  Hubbard.  G.  H. 
Hunt,  G.  A.  Kelsall.  E.  B.  Ketchum,  A.  A.  KJnowlton,  F.  W.  Lane,  P.  M. 
Lincoln,  F.  M.  McGaw,  G.  E.  Molleson,  Dalton  Moomaw,  Chace  New- 
man, A.  M.  Ockerblad,  L.  A.  Osborne,  F.  J.  Pack,  B.  K  Philp,  O.  B. 
Poore,  A.  S.  Eosing,  W.  T.  Eyan,  A,  R,  Sage,  J.  E.  Shaw,  H.  G.  Stott, 
H.  E.  Thayer,  Chas.  H.  Tower,  Wm,  S.  Turner,  David  Van  Alstyne, 
J.  M.  Weed,  Edw.  Weston.     (41.)* 

Advzexisixg  by  Months. 

Month.  Am'-'tint. 

September  $  9.5.00 

October  102.00 

November   97.00 

December 85.00 

January    82.00 

February    97.00 

March    97.00 

April    102.00 

^^lay   97.00 

June 142.00 

Total    $996T0b 

*  See  p.  11  for  list  of  members  elected  at  the  Pittsburgh  meeting. 


TREASURER'S  REPORT,  1910-1911. 

To  the  Society  for  the  Promotion  of  Engineering  Education: 

The  Treasurer  would  respectfully  report  the  condition  of  the  Society's 
finances  as  follows: 

Summary  of  Receipts. 

June  18,  1910,  Cash  balance  on  hand $    342.20 

July  1,  1910,  to  June  15,  1911, 

Received  for  dues,   1911-1912 17.00 

Received  for  dues,  1910-1911 3065.48 

Received  for  dues  prior  to  1910-1911 283.26 

Received  for  Life  Membership 200.00 

Received  from  sale  of  Proceedings  and  Bulletin 346.08 

Received  from  authors'  reprints 69.72 

Received  from  advertisements  in  Bulletin,  Vol,  1 886.90 

Received    stamps .25 

Received  from  sale  of  cuts 6.74 

Received  from  interest  on  deposit  at  Lincoln  Trust  Co., 

July    1,    1910 12.27 

Lincoln  Trust  Co.,  January  1,  1911 3.36 

$5',233!26 
Summary  of  E'tpenditxteies. 

Postage  and  sundries  for  Professor  Munroe $      14.77 

Badges   for   Madison   meeting 16.00 

Reporting    Madison    meeting 81.00 

Expenses   of   Treasurer  for  printing,  postage,   etc 117.13 

Collection  of  out  of  town  checks 7.89 

Clerical   assistance   for   Treasurer 75.00 

Expenses   of   Secretary   for  postage,  etc 193.03 

Expenses  of  Secretary  for  printing,  etc 317.63 

Clerical    assistance    for    Secretary 223.55 

Secretary 's  arrearage  on  honorarium 150.00 

Secretary 's  current  honorarium 400.00 

Secretary's  allowance  for  editing  and  publishing  Bulletin...  350.00 
The  New  Era  Printing  Company, 

For    printing   Bulletin,    Vol.    1 894.87 

For    postage,    authors'    reprints,    expressage    and    sundry 

printing     361.69 

On  account  for  Vol.  18  of  the  Proceedings 750.00 

Professor  A.  L.  Williston  for  arrearage  in  honorarium 150.00 

Professor  A.  L.  Williston  for  commission  on  sale  of  Proceedings.  125.24 

Cash   on   hand,   June   15,   1911 1,005.46 

$5^233^ 
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Assets. 

Cash  on  hand,  June  15,  1911  $1,005.46 

Dues  from  members  and  non-members. 

Dues   701.50 

Advertisers    184.00 

Proceedings,  Bulletins  and  Eeprints   191.11 

3,147  Vols,  of  Proceedings  on  hand,  valued  at  $1.00  each 3,147.00 

$5,229.07 

LlABrLITIES. 

The  New  Era  Printing  Co.,  bill  of  March  18,  1911,  for  print- 
ing Vol.   I,  No.   9,   of  Bulletin    $    116.70 

Balance  due  on  New  Era  Printing  Company's  bill  of  April 

29,  1911,  for  printing  Vol.  18  of  the  Proceedings 356.33 

473^3 

Net  assets   $4,756.04 

The  total  amount  due  the  Society  is  $1,076.61  as  compared  with 
$669.62  last  year.  There  are  76  members  one  year  in  arrears;  29,  two 
years;  12,  three  years;  and  9,  four  years.  The  total  arrearage  in  mem- 
bership-years is  (76  X  1)  +  (29  X  2)  +  (12  X  3)  +  (9  X  4)  =206. 
The  corresponding  number  last  year  was  166. 

Respectfully  submitted, 

William  O.  Wiley,  Treasurer. 


ADDRESS    OF   WELCOME. 

ON  BEHALF  OF  THE  CARNEGIE  TECHNICAL 
SCHOOLS. 

BY  AKTHUE  A.   HAMERSCHLAG, 
Director  of  the  Schools. 

Gentlemen  of  the  Convention:  On  behalf  of  the  citizens  of 
Pittsburgh  I  welcome  you  to  the  city.  On  behalf  of  the 
faculty  and  trustees  of  the  Carnegie  Technical  Schools,  I 
extend  to  you  the  courtesies  of  this  institution. 

The  proceedings  of  this  Society  at  its  convention  are  of  real 
interest  to  the  city,  to  our  educational  institutions,  and  to  the 
many  individuals  who  are  interested  in  engineering  education. 

Pittsburgh  must  always  be  vitally  concerned  with  the  pro- 
duction of  trained  engineers,  since  it  is  prolific  in  setting  forth 
engineering  problems  of  magnitude  which  demand  the  trained 
engineer  for  solution.  It  may,  I  think,  be  said  that  Pitts- 
burgh outranks  all  other  cities  of  the  country  in  the  extent  of 
the  engineering  problems  which  it  is  compelled  to  present  to 
the  engineering  teacher  and  the  educated  engineer.  We,  of 
course,  are  particularly  interested  in  the  development  of  this 
institution  of  learning  which  is  glad  to  be  your  host  on  this 
occasion,  because  it  is  one  of  the  new  experiments  in  educa- 
tion, an  experiment  of  some  magnitude ;  but  so  recently  begun 
that  your  criticism  and  advice  during  your  stay  within  our 
walls  will  prove  of  inestimable  value. 

We  welcome  suggestions  from  you  as  you  go  over  our  work 
because  we  know  that  out  of  your  experience  you  may  be  able 
to  guide  us  in  channels  which  we  have  overlooked,  and  these 
suggestions  will  therefore  be  doubly  welcomed  and  appre- 
ciated by  our  Faculty. 

President  Talbot,  I  am  particularly  anxious  to  explain  to 
you  how  eager  the  faculty  of  the  Carnegie  Technical  Schools, 
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as  represented  by  the  School  of  Applied  Science  which  has 
charge  of  the  engineering  branches,  is  to  co-operate  with  your 
Society,  and  how  they  are  prepared  to  utilize  the  results  of  the 
deliberations  of  this  convention. 

"We  extend  to  you  a  hearty  welcome,  and  hope  that  any- 
thing we  can  do  to  make  this  occasion  memorable,  aside  from 
what  may  be  considered  purely  conventional  business,  will  be 
laid  on  our  shoulders  as  an  institution. 


RESPONSE. 
ON  BEHALF  OF  THE  SOCIETY. 

BY  AETHUR   X.   TALBOT, 
President  of  the  Society. 

Director  Hamerschlag,  on  behalf  of  the  Society  I  wish  to 
thank  you  for  this  hearty  greeting.  TTe  knew  that  we  should 
be  well  received  here,  but  we  are  more  certain  of  it  now  than 
ever.  The  Society  will  find,  I  think,  that  Pittsburgh  is  a  very 
interesting  place  for  a  meeting.  Its  industries  are  so  varied, 
its  interests  so  diverse,  that  every  branch  of  engineering 
science  will  have  something  of  interest  to  members  who  are 
here.  And  I  am  sure  that  the  membei*s  of  the  Society  will  be 
especially  pleased  to  see  the  work  of  this  new  institution  which 
has  been  established  to  take  up  the  problems  connected  with 
Pittsburgh's  individual  conditions,  conditions  which  belong 
to  a  large  industrial  city.  Again  on  behalf  of  the  Society  I 
thank  you  for  this  welcome. 


21 


THE  ENGINEERING  TEACHER  AND  HIS  PREPA- 
RATION. 

PRESIDEXTIAL  .\DDRESS. 

BY  AETHUE   X.   TALBOT, 
Professor  of  Mmiieipal  and  Sanitary  Engineermg,  Universitv  of  Illinois. 

The  past  year  has  been  noteworthy  in  the  history  of  the 
Society  in  two  ways :  first,  in  the  wonderful  increase  in  mem- 
bership. 1,070  members  being  reported  by  the  Secretary,  the 
teachers  of  the  membership  representing  more  than  133  col- 
leges and  universities :  and  second,  in  the  establishment  of  the 
Society's  Bulletix  as  a  monthly  means  of  communication. 
Various  influences  are  responsible  for  these  advances,  but  the 
chief  among  them  is  the  activity,  energy,  and  loyal  effective- 
ness of  the  Secretan.'.  The  President  here  expresses  his  ap- 
preciation of  the  Secretary's  most  valuable  services:  and  he 
congratulates  the  Society  upon  having  so  efficient  an  officer. 
He  wishes  also  to  felicitate  the  Society  on  its  prosperity  and  its 
growing  opportunities  for  service. 

Of  those  who  attended  the  section  of  Engineering  Educa- 
tion of  the  World's  Engineering  Congress  in  Chicago  in  1S93, 
sixty-three  joined  in  forming  this  society.  The  large  member- 
ship just  reported  and  the  large  number  of  institutions  repre- 
sented therein  show  in  some  measure  the  great  expansion  of 
engineering  education  in  recent  years.  Not  only  in  instruc- 
tional staff,  but  in  numbers  of  students,  in  buildings  and  lab- 
oratory equipment,  in  opportunities  afforded,  has  there  been 
expansion  beyond  any  prediction  of  1893. 

In  view  of  this  great  development,  made  with  more  than 
normal  rapidity,  may  it  not  be  worth  while  to  inquire  some- 
what into  the  qualifications  expected  in  the  engineering 
teacher,  to  ask  what  the  methods  of  preparation  for  his  high 
responsibilities  should  be,  and  to  find  whether  conditions  indi- 
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cate  that  the  future  will  see  new  methods  of  preparation  and 
additional  requirements? 

It  is  axiomatic  that  a  teacher  should  be  a  man  of  character, 
ability,  and  education.  It  goes  without  saying  that  he  should 
be  well  versed  in  the  subjects  he  teaches.  Not  only  must  he  be 
able  to  impart  knowledge,  but  he  must  know  the  principles  of 
education,  appreciate  the  aim  of  teaching,  and  use  the  meth- 
ods which  are  necessary  to  attain  results.  Engineering  ex- 
perience and  professional  attainments  also  are  generally  con- 
sidered essential.  Greneral  culture,  tactfulness,  force,  energy, 
balance  and  the  various  elements  which  go  to  make  up  a  well- 
rounded  man  are  usually  thought  of  in  counting  up  qualifica- 
tions. How,  then  may  the  desired  qualifications  best  be  se- 
cured? How  may  the  preparation  and  development  best  be 
attained?  How  may  the  selection  of  men  and  their  advance- 
ment be  made  most  effectively  and  satisfactorily?  To  what 
extent  does  natural  aptitude  overcome  necessity  for  special 
preparation  ?  Is  the  teacher  born  and  not  made,  and  to  what 
extent  has  he  like  Topsy  "just  growed"?  These  are  some  of 
the  questions  which  arise  when  a  discussion  of  the  qualifica- 
tions and  preparations  of  the  engineering  teacher  is  made. 

It  will  be  seen  that  the  qualifications  for  the  engineering 
teacher  are  even  more  severe  than  those  expected  in  the  gen- 
eral teacher.  In  addition  to  character  and  general  education 
and  scholarly  attainments  and  knowledge  of  man  and  human 
nature  and  of  pedagogical  methods  and  principles,  he  is  ex- 
pected to  have  a  broad  training  in  engineering  science,  to  have 
some  considerable  knowledge  of  engineering  art,  and  to  have 
had  experience  in  the  professional  and  business  side  of  his 
work. 

It  will  be  admitted  that  the  great  teachers  have  had  the 
power  to  impart  knowledge  and  to  impress  their  personality 
on  their  pupils,  and  that  natural  gifts  may  enter  largely  into 
the  success  of  the  teacher.  But  further  than  this  we  can  not 
well  go.  Mere  teaching  aptitude  is  insufficient — the  "bom" 
teacher  may  not  be  a  well-rounded  and  efficient  teacher.  I 
well  remember  doing  service  on  railwav  location  in  mountain- 
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ous  country  under  a  "born"  locating  engineer  who  could  al- 
most by  intuition  place  the  line  in  its  predestined  place.  He 
could  direct  the  party  to  back  up  so  far,  run  in  245  feet  of 
15°  curve  to  the  right,  and  then  blank  feet  of  tangent.  True, 
the  line  generally  fell  where  he  planned  it  should  go,  and  the 
cuts  and  fills  were  as  he  expected  them  to  be,  but  as  I  look 
back  upon  it  now  I  conclude  that  I  was  right  in  thinking  that 
he  overlooked  some  of  the  fundamental  principles  of  railroad 
location  as  known  at  that  day  and  that  the  railroad  company 
would  have  profited  by  having  the  location  made  by  a  man 
better  versed  in  the  science  and  economics  of  engineering  and 
of  railroading.  Since  that  time  the  science  and  the  art  of 
engineering  have  had  a  wonderful  development,  and  the  meth- 
ods and  standards  have  changed  until  the  "born"  engineer 
has  become  a  rarity.  And  I  am  not  sure  but  if  we  looked  into 
the  history  of  the  "born  teachers"  we  should  find  a  period  of 
preparation,  a  time  of  growth,  of  opportunities  for  training, 
which  would  go  far  to  explain  the  success  of  their  teaching. 

In  discussing  preparation  for  engineering  teaching,  mention 
may  be  made  of  undergraduate  and  graduate  study,  experi- 
ence in  engineering  work  and  in  business,  pedagogical  train- 
ing and  instruction,  experience  in  the  work  of  assistant  or 
instructor,  general  cultural  education  and  development,  re- 
search work,  etc.  Granted  that  a  man  has  had  a  strong  under- 
graduate course  and  has  shown  marked  ability  as  a  student, 
what  should  his  further  preparation  be? 

A  qualification  in  an  instructor,  commonly  considered  de- 
sirable by  administrators  of  engineering  schools,  and  looked 
upon  somewhat  askance  by  those  connected  with  other  de- 
partments, is  that  he  shall  have  had  experience  in  engineer- 
ing work,  and  this  whether  the  work  directly  applies  to  his 
subject  or  not.  The  qualifications  set  out  for  a  teacher  imply 
growth,  maturity,  breadth  of  view,  knowledge  of  conduct  of 
engineering  work  and  of  the  world  of  affairs,  as  well  as  tech- 
nical knowledge  of  engineering  science.  The  old-time  teacher 
has  been  characterized  as  narrow,  unpractical,  unbusiness-like, 
inexperienced  in  affairs,  unable  to  take  the  point  of  view  of 
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the  business  world — and  possibly  in  some  lines  of  education 
this  charge  was  sometimes  not  without  foundation.  It  seems 
certain  that  even  a  short  experience  in  engineering  work  will 
be  of  considerable  advantage  in  more  ways  than  one  to  a 
young  man  beginning  his  teaching  career.  It  will  give  him 
conlSdence.  It  will  help  to  give  him  standing.  His  judgment 
of  essentials  and  non-essentials  will  be  better.  Distance  from 
undergraduate  days  will  have  improved  his  perspective  in 
many  ways.  Some  facility  in  turning  off  routine  work  will 
have  been  attained.  His  knowledge  of  life  will  have  been 
added  to.  Doubtless  in  many  cases  this  additional  experience 
will  be  worth  more  than  time  spent  in  advanced  study.  And 
as  a  prerequisite  to  teaching  certain  technical  subjects  it 
seems  quite  essential  that  the  instructor  shall  have  had  ade- 
quate professional  experience  in  design  and  construction  of 
engineering  works  of  similar  character.  The  professional 
training  thereby  attained  and  the  acquaintance  with  men  and 
methods,  will  also  add  greatly  to  the  teacher's  equipment. 

But  what  of  advanced  study,  of  graduate  work,  of  investi- 
gational effort?  To  what  extent  is  this  essential?  To  have 
taken  graduate  work  has  long  been  considered  a  recommenda- 
tion for  the  engineering  teacher.  Have  we  come  to  the  stage 
of  development  in  engineering  schools  when  graduate  work 
shall  be  included  among  the  essential  qualifications?  What 
should  this  graduate  work  be,  and  how  much  should  be  re- 
quired? In  some  universities  requirements  are  in  force  in  the 
departments  of  science  and  in  other  lines  that  a  man  must 
have  the  degree  of  Ph.D.  before  he  may  be  appointed  even  to 
the  rank  of  instructor.  Surely  we  shall  not  reach  this  point 
in  engineering  schools  in  many  years,  but  the  practise  re- 
ferred to  shows  the  emphasis  now  placed  on  graduate  work  as 
a  preparation  for  the  teacher  in  other  lines.  However  far  we 
may  equate  engineering  experience  for  graduate  work  in 
making  up  our  estimate  of  the  qualifications  for  the  engineer- 
ing teacher,  we  must  not  overlook  the  advantages  which  come 
from  graduate  work.  Aside  from  the  general  development 
given  by  study,  graduate  work  if  properly  carried  on  not  only 
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broadens  the  view  and  extends  the  range  of  knowledge,  but  it 
deepens  the  hold  on  basic  engineering  science.  It  gives  an 
insight  into  the  foundational  parts  of  the  subject.  It  develops 
independence  and  fosters  originality.  It  takes  the  student 
away  from  dogmatic  or  conventional  acceptance  of  views  pos- 
sible in  undergraduate  days.  His  analysis  takes  new  life  and 
his  study  of  the  work  of  the  master  investigators  correlates 
laboratory  work  and  anahlical  research  in  such  a  way  as  to 
give  meaning  to  engineering  science  and  its  foundations.  The 
knowledge  which  comes  with  this  work  is  subsidiary  in  im- 
portance. To  the  man  who  plans  to  make  teaching  a  life 
work,  two  or  three  years  of  systematic  graduate  study  in  engi- 
neering science  and  related  lines  will  give  a  foundation  which 
will  enable  the  teacher  in  succeeding  years  more  rapidly  and 
more  effectively  to  develop  his  powers  and  increase  his  oppor- 
tunities for  service.  To  the  man  who  leaves  teaching  to  go 
into  engineering  practice  the  development  and  training  found 
in  the  graduate  work  is  not  less  valuable.  "Whether  the  grad- 
uate study  brings  a  degree  is  of  minor  importance;  the  need 
for  thoroughness  and  system  is  plain,  and  the  degree  from  an 
institution  of  standing  is  an  evidence  of  accomplishment. 

The  number  of  students  taking  graduate  courses  in  engi- 
neering science  has  been  increasing  in  recent  years.  There  is 
a  growing  recognition  of  the  value  of  graduate  work  as  prep- 
aration for  the  work  of  teaching.  To  my  mind  a  great  service 
may  be  done  by  the  larger  and  better  equipped  engineering 
schools  by  outlining  and  giving  courses  of  graduate  work  ar- 
ranged especially  for  the  prospective  teacher  and  in  promoting 
and  emphasizing  advanced  courses  for  engineering  teachers. 
Some  institutions  may  be  well  fitted  to  give  such  work  in  cer- 
tain branches  of  engineering  science,  while  the  strength  of 
others  will  lie  in  other  directions.  In  outlining  graduate 
work,  the  needs  of  the  teacher  should  be  considered.  Courses 
in  pedagogy  or  in  the  principles  of  education  and  psychology 
will  be  found  to  be  of  great  value.  So  many  courses  in  non- 
technical subjects  will  suggest  themselves  that  it  will  be  diflfi- 
cult  to  restrict  selection  to  their  proper  proportion.     So  at- 
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tractive  is  the  field  of  graduate  work  and  so  full  of  advantage 
to  the  teacher  that  this  phase  of  engineering  education  must 
be  expected  to  have  a  large  development  in  the  future. 

It  must  not  be  inferred  from  what  has  been  said  that  the 
training  of  the  teacher  includes  only  that  which  may  be  ob- 
tained from  study  and  from  experience  on  engineering  work. 
Teaching  is  an  art,  and  the  experienced  teacher  has  learned 
the  art  through  years  of  work,  acquiring  it  in  a  variety  of 
ways.  Just  what  form  of  apprenticeship  may  be  best  for  the 
young  teacher  will  depend  upon  the  circumstances.  An  as- 
sistantship  during  the  period  of  graduate  study  or  a  term  of 
service  as  an  instructor  under  the  immediate  supervision  of  a 
skilled  teacher  should  be  very  helpful.  In  our  larger  engi- 
neering schools  frequent  meetings  are  held  in  M'hich  the  in- 
structional force,  by  departments  or  groups,  discuss  the  sub- 
ject matter  taught,  the  methods  of  teaching,  the  makeup  and 
quality  of  students,  and  the  general  direction  and  supervision 
given  in  various  ways  are  all  very  helpful  to  young  and  old 
alike.  The  discussions  of  methods  and  standards  and  educa- 
tional principles  with  other  teachers,  the  contact  with  student 
and  with  faculty  give  opportunities  for  growth.  Participation 
in  administrative  affairs  and  contact  with  the  business  side  of 
the  work,  which  exist  in  a  well  organized  school,  will  help  in 
developing  another  side.  The  wideawake  teacher  will  take 
advantage  of  his  many  opportunities  in  developing  himself 
in  the  art  of  teaching,  and  the  degree  of  his  success  as  a 
teacher  should  be  recognized  and  will  be  measured  by  stu- 
dent and  school  alike. 

But  the  question  arises,  is  care  exercised  in  selecting  engi- 
neering teachers  and  in  retaining  and  promoting  them  ?  Are 
men  set  at  important  teaching  tasks  without  experience  and 
without  knowledge  of  their  problem?  Is  there  insufficient  or 
ineffective  direction  or  supervision  of  teaching  work?  An  ad- 
dress given  before  the  students  of  an  engineering  school  by  a 
prominent  engineer  who  for  years  held  a  position  as  head  of  a 
department  in  a  leading  engineering  school,  recently  pub- 
lished in  an  engineering  journal,  contains  a  severe  arraign- 


28        £:^Gr2irEEBIN6   TEACHEE   AND    HIS   PKEPAEATION. 

ment  of  teachers  and  teaching  in  engineering  schools.  Hmn- 
buggeiy,  inefficiency,  unbiisiness-like  methods,  lack  of  super- 
vision and  direction,  poor  choice  of  men,  degeneration  with 
years,  neglect  of  work — these  are  some  of  the  charges  and 
some  of  the  terms  used  in  the  address.  Now  these  are 
serious  charges.  They  warrant  attention.  They  can  not 
be  answered  with  denial  or  mere  sarcasm.  It  is  not  the  time 
or  place  here  to  re^new  them  or  discuss  them,  or  to  pass  upon 
their  importance,  but  it  may  not  be  out  of  place  to  venture  the 
personal  opinion,  formed  from  an  acquaintance  with  Mr.  "W. 
D.  Taylor  and  with  a  knowledge  of  his  ability  and  candor  and 
character  and  high-mindedness,  that  it  was  his  purpose,  in 
couching  the  statements  in  such  terms,  to  ensure  bringing 
prominently  before  engineering  teachers  and  college  admin- 
istrators certain  weaknesses  in  college  administration  which 
he  believes  call  for  remedy.  Surely  he  did  not  mean  in  his 
exaggeration  to  make  an  indictment  of  the  great  engineering 
school  with  which  he  was  long  connected  or  to  charge  that  the 
conditions  of  engineering  education  generally  are  as  faulty 
as  his  phraseology  would  imply.  His  address  may  well  serve 
as  a  text  for  discussion  among  college  administrators  and 
teachers.  The  maintenance  of  quality  and  efficiency  is  as  im- 
portant in  teachers  and  teaching  as  in  business  organizations, 
though  it  must  not  be  overlooked  that  the  standards  and 
methods  are  in  many  respects  not  comparable.  The  difficul- 
ties of  finding  the  right  men  for  positions  and  of  learning  the 
fitness  of  applicants  is  appreciated  by  those  in  administrative 
positions.  Better  ways  of  finding  men  and  of  determining  fit- 
ness may  yet  be  found,  for  the  problem  is  of  the  highest  im- 
portance. 

The  position  of  the  engineering  teacher  differs  from  that  of 
most  teachers,  not  only  because  an  experience  in  engineering 
work  is  considered  a  desirable  element  in  his  preparation,  but 
in  that  the  practice  of  the  profession  in  some  form  and 
amount  in  connection  with  his  teaching  is  thought  by  many 
to  be  advantageous  to  professor,  student,  and  school.  The 
thought  is  that  connection  with  professional  engineering  work 
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gives  valuable  technical  information,  keeps  the  teacher  in 
touch  with  his  subject,  vitalizes  his  work,  interests  the  student, 
and  advances  the  standing  of  professor  and  school.  Doubt- 
less in  many  specialized  subjects  an  arrangement  may  well 
be  made  by  which  a  practicing  engineer  of  standing  may  give 
part  of  his  time  to  teaching  a  professional  subject.  Doubtless 
many  a  teacher  has  profited  greatly  through  carrying  on  an 
engineering  practice  along  with  his  teaching.  Doubtless,  too, 
public  interests  may  be  served  through  cooperation  with  engi- 
neering teachers.  Evidently  also  teaching  may  be  enlivened 
through  references  to  actual  engineering  operations.  But 
may  not  participation  in  engineering  work  be  carried  on  in 
such  a  way  as  to  detract  from  the  results  which  may  properly 
be  expected  from  the  teacher?  If  a  man,  for  any  length  of 
time,  does  full  teaching  work,  and  gives  as  much  or  more  time 
and  energy  to  outside  professional  work,  which  work  suffers? 
If  a  prominent  engineering  teacher,  head  of  a  department  in 
a  great  university  to  which  students  are  drawn  by  virtue  of 
his  reputation  and  prestige,  and  who  is  advertised  to  give  and 
direct  instructional  work,  devotes  three-fourths  of  his  time 
and  nine-tenths  of  his  energy  to  engineering  practice,  is  it  to 
be  expected  that  the  students  of  this  institution  will  profit 
much  by  his  connection  with  it  or  that  the  department  will 
show  vigor  and  energy  ?  And  when  the  participation  in  engi- 
neering work  degenerates  into  mere  necessity  for  filling  out 
a  meager  salary,  or  even  for  extending  the  annual  savings, 
without  reference  to  the  value  of  the  work  in  the  development 
or  advancement  of  his  usefulness  as  a  teacher,  the  practice  is 
indefensible.  Surely  there  is  great  chance  for  the  abuse  of 
opportunity.  Surely  there  is  need  for  caution.  In  the  first 
place  every  educational  institution  should  be  put  on  such  a 
basis  that  the  instructor  will  not  need  to  depend  upon  outside 
work  to  meet  the  year's  necessary  expenditures.  Omitting 
the  case  of  specialized  instruction  and  of  special  provision  for 
part  time  engagement,  and  agreeing  to  the  advantage  of  keep- 
ing in  touch  wi*^h  the  professional  activities  in  his  specialty, 
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may  we  not  with  prudence  say  that  the  limit  of  outside  work 
should  be  placed  below  any  amount  which  will  interfere  with 
eflScient  instruction,  adequate  attention  to  the  needs  of  stu- 
dents, and  the  requisite  energy-  and  zeal  and  ambition  for  the 
teacher's  work,  and  that  in  its  nature  the  work  should  be 
limited  to  that  which  will  extend  the  experience  and  training 
of  the  teacher,  or  make  an  addition  to  professional  knowledge, 
or  be  of  special  service  to  the  community  or  the  public  in  some 
way  not  possible  by  the  outside  engineer.  And  especial  care 
should  be  taken  that  administrative  duties  and  the  direction 
or  supervision  of  instruction  be  not  interfered  with  by  outside 
interests.  Beyond  these  limits,  participation  in  engineering 
activities  may  well  be  relegated  to  vacation  periods  and  leaves 
of  absence.  When  these  limits  are  transgressed,  it  may  be 
questioned  whether  the  advantages  of  great  names  and  high 
authorities  compensate  for  loss  of  efficiency  and  vigor  in 
instruction  and  of  activity  in  the  organization.  The  condi- 
tions of  special  cases  where  teachers  are  successfully  carrying 
on  important  engineering  operations  without  interfering  with 
the  conduct  of  their  teaching,  are  so  apparent  as  not  to  modify 
the  applicability  of  these  principles  to  general  cases.  It  is 
worth  while,  too,  to  consider  other  methods  of  inspection  and 
study  of  engineering  work,  opportunities  which  with  the 
courtesies  always  afforded  the  teacher  may  in  the  same  space 
of  time  give  several  times  the  knowledge  and  general  develop- 
ment to  be  obtained  by  connection  with  a  single  piece  of  work. 
The  engineering  teacher  may  be  expected  to  have  developed 
qualities  and  experience  which  will  be  serviceable  in  the  prac- 
tice of  engineering  should  necessity  or  choice  take  him  into 
practical  work,  and  his  teaching  experience  will  be  found 
valuable.  But  what  of  the  practicing  engineer,  trained  and 
skilled  on  the  practical  side  of  the  work?  TVill  he  make  a 
successful  teacher,  is  a  question  which  is  often  asked.  He  has 
the  development  gained  from  a  business  experience :  he  has 
met  the  problems  of  administration ;  he  has  matured  in  mind 
and  in  judgment,  he  has  grown  in  technical  knowledge;  he 
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has  become  learned  in  human  nature.  To  what  extent  do 
these  offset  his  remoteness  from  the  student  stage  of  develop- 
ment, his  habits  in  routine  work,  and  his  respect  for  detail  and 
completeness.  Numerous  examples  are  at  hand  where  prac- 
ticing engineers  have  become  successful  teachers,  but  it  may- 
be expected  that  unless  they  are  caught  young  there  is  more 
than  ordinary  risk  in  the  trial.  Possibly  two  exceptions  may 
be  named — the  instructor  in  highly  specialized  professional 
subjects,  and  the  man  of  administrative  experience  who  takes 
up  duties  which  are  largely  administrative. 

In  this  discussion,  the  teaching  function  of  the  engineering 
school  has  been  in  mind,  and  the  well-being  of  the  student  has 
been  the  prime  consideration.  The  two  other  functions  of 
higher  institutions  of  learning,  research  and  public  usefulness, 
are  not  within  the  scope  of  this  address,  although  it  may  not 
be  out  of  place  to  refer  to  the  indebtedness  of  the  engineering 
profession  to  engineering  schools  and  engineering  professors 
for  their  important  contributions  to  engineering  science  and 
to  express  the  belief  that  in  coming  years  the  contributions  in 
investigation  and  research  will  be  larger  and  more  important. 

The  topic  of  this  address  may  seem  trite  to  you — the  opin- 
ions advanced  may  not  be  agreed  to — but  the  theme  is  a  live 
one,  and  the  advancement  of  engineering  education  depends 
upon  the  quality  and  efficiency  of  those  to  whom  this  great 
work  is  entrusted.  Teaching  is  a  high  and  honorable  calling. 
The  inspiring  teacher  helps  to  mould  the  youth  and  affects  his 
life  in  ways  that  are  far-reaching.  The  indirect  effect  on  the 
world's  activities  and  standards  are  no  less  marked.  "With  the 
continued  development  of  the  vast  resources  of  our  country 
engineering  activities  and  operations  have  come  to  take  a  lead- 
ing place.  Engineering  education  is  called  upon  for  greater 
efforts.  There  is  need  for  more  efficient  work,  for  better  com- 
prehension of  the  problems,  for  higher  standards  of  work. 
Great  as  have  been  the  accomplishments  of  the  past,  improve- 
ment should  be  the  watchword  of  the  future.  Shall  we  not 
work  together  to  raise  the  standards  of  the  teaching  profession 


32  EXGIXEERING    TZACHEB    A^^D    HIS    PRZPAEATION. 

higher  and  ever  higher?  And  may  we  not  expect  the  Society 
for  the  Promotion  of  Engineering  Education  to  be  a  potent 
agency  in  advancing  the  art  of  teaching  and  in  establishing 
standards  of  accomplishment  toward  which  the  engineering 
teacher  of  the  future  mav  well  strive  ? 


ENGLISH    IN    THE    ENGINEERING    SCHOOL    AT 
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BY    SAMUEL    C.    EARLE, 
Professor  of  English,  Tufts  College. 

The  papers  of  Professors  Telleen  and  Kent  and  of  Deans 
Anthony  and  Clark,  read  at  the  last  three  annual  meetings 
of  the  Society  for  the  Promotion  of  Engineering  Education, 
are  evidence  not  onlj^  that  engineers  recognize  the  importance 
of  ability  to  use  one's  native  language  effectively,  but  that 
they  are  giving  more  and  more  thought  to  methods  of  instruc- 
tion in  English.  For  this  reason  a  few  somewhat  radical 
experiments  which  the  English  department  at  Tufts  College 
has  tried  will,  I  believe,  prove  of  interest  to  the  members  of 
the  Society. 

We  have  departed  from  common  practice  mainly  in  three 
ways ;  in  shaping  the  work  in  English  more  frankly  and  more 
completely  for  engineers;  in  gi\dng  systematic  training  in 
technical  writing ;  and  in  adopting  special  means  of  increasing 
the  efficiency  of  the  work.  I  shall  attempt  to  suggest  some- 
thing of  what  we  are  doing  under  each  of  these  heads. 

I.  English  for  Engineers. 
The  attitude  toward  the  subject  of  English  is  different  in 
different  engineering  schools.  In  some  colleges  the  students 
in  engineering  are  sent  to  the  academic  department  for  all 
their  instruction  in  English ;  in  others  they  have  their  sepa- 
rate English  teachers,  yet  are  given  purely  academic  training. 
Even  in  those  cases  where  the  work  is  specially  adapted  to 
the  engineering  course,  there  are  wide  differences  in  the  inter- 
pretation of  what  should  be  sought  by  such  adaptation.  Some 
instructors  consider  that  it  is  enough  if  they  condescend  to  the 
limitations  and  in  part  to  the  special  interests  of  engineers  in 
3  33 
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order  that  they  may  bring  this  work  in  English  as  nearly  as 
possible  into  line  with  traditional  college  teaching.  To  them 
any  radical  change  in  method  or  purpose  is  repugnant  because 
they  consider  English  as  the  last  bit  of  salvage  from  the  arts 
course  remaining  in  the  engineering  school  and  as  the  only 
means  of  true  culture  in  a  curriculum  otherwise  hopelessly 
practical.  Other  instructors  would  limit  the  work  to  what 
might  be  called  a  course  in  business  English,  on  the  ground 
that  engineers  have  neither  time  nor  need  for  broader  train- 
ing. At  Tufts,  the  Engineering  School  is  regarded  "as  an 
institution  for  educational  development,  and  not  solely  as  a 
training  school  for  one  or  more  classes  of  professional  men. 
Our  aim  is  to  provide  the  best  education  for  that  class  of 
young  men  who  may  better  secure  their  collegiate  training 
through  channels  which  carrs'  a  greater  degree  of  technical 
work  than  do  the  schools  of  letters."*  Of  this  educational 
development,  English  forms  an  organic  part ;  like  the  other 
subjects  in  our  course  it  aims  to  give  broad,  collegiate  train- 
ing; and,  like  them  also,  it  strives  to  attain  its  object  through 
the  technical  training  of  engineers. 

Our  freshman  English  begins  with  a  lecture  on  the  engineer 
of  the  twentieth  centun,'-,  and  according  to  the  demands  of 
that  ideal  we  shape  all  our  requirements.  This  is  not  a  pre- 
liminary promise  to  catch  the  interest  of  the  students ;  we  are 
frankly  committed  to  the  principles  that  we  should  set  no  task 
which  we  are  not  prepared  to  justify  even  to  those  who  "want 
only  engineering  subjects,"  and  that  the  attitude  we  ourselves 
should  always  maintain  toward  the  work  is  that  of  the  engi- 
neer. This  does  not  free  the  subject  from  limitations.  The 
students  of  engineering  generally  have  not  had  previously 
and  will  not  have  in  the  course  so  much  work  in  language  or 
in  literature  as  candidates  in  arts ;  their  ability  in  such  sub- 
jects may  be  less ;  and  their  interests  turn  in  other  directions. 
Yet  a  careful  consideration  of  the  needs  of  the  profession  leads 
to  an  elementary  course  as  thorough,  as  broad,  and  as  varied 
as  that  given  students  in  arts;  and,  when  the  subjects  are 

♦  From  the  Eeport  of  the  Dean  for  the  Year  1909-10. 
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properly  presented,  engineers  are  apt  to  put  into  their  work 
more  original  and  earnest  thought.  Moreover  we  find,  as  I 
believe  everyone  will  who  studies  the  case  without  prejudice, 
that  for  those  who  have  already  entered  upon  what  is  to  be 
their  life  work,  true  culture  comes  not  from  turning  aside  to 
other  interests  as  higher,  but  from  so  conceiving  their  special 
work  that  it  will  be  worthy  of  a  life's  devotion. 

The  more  advanced  (elective)  subjects  in  composition  are 
also  shaped  especially  for  engineers,  the  best  illustration  of 
which  is  the  subject  of  argumentation.  In  colleges  this  sub- 
ject has  dealt  mainly  with  formal  forensics  and  debates.  The 
training  which  this  gives  is  valuable  for  anyone,  but  we  do  not 
offer  it  because  the  engineer  will  probably  find  no  occasion  to 
argue  in  such  formal  ways.  He  will  have  opportunity,  in  his 
engineering  societies,  to  enter  into  discussions  or  even  informal 
debates ;  and  for  that  kind  of  speaking  we  try  to  give  practical 
training.  On  many  occasions  where  there  is  no  discussion, 
the  engineer  needs  to  be  able  to  present  subjects  convincingly ; 
and  we  pay  even  more  attention  to  preparing  our  students 
for  handling  technical  subjects  so  as  to  win  a  favorable  judg- 
ment. Above  all,  the  engineer  needs  to  be  able  to  carry  on 
investigations  not  so  much  in  order  to  convince  others  as  to 
form  a  just  opinion  himself;  and  to  that  end  we  shape  the 
main  part  of  the  work.  In  turning  from  the  study  of  formal 
forensic  writing  to  more  practical  argumentation  and  in  put- 
ting the  main  emphasis  on  the  formation  and  expression  of 
just  and  unprejudiced  opinion,  we  are  adapting  the  subject 
to  the  needs  of  the  engineer,  but  instead  of  lessening  the  value 
of  the  training,  we  believe  we  are  doing  exactly  what  should 
be  done  in  any  undergraduate  course. 

The  contract  under  which  we  work  at  Tufts  requires  us  to 
train  engineers,  but  not  simply  engineers  who  are  hired  men. 
The  graduate  should  be  able  to  work  with  others  and  over 
others.  He  needs  to  know  something  of  life  and  its  problems ; 
consequently  he  is  required  to  study  economics,  and  for  the 
same  reason  he  will  profit  by  the  study  of  the  literature  of 
the  past.     But  even  the  various  subjects  in  literature  must 
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be  shaped  entirely  for  engineers,  if  "we  undertake  to  live 
strictly  up  to  our  principles.  Not  that  we  attempt  to  treat 
the  subjects  in  a  ''popular"  way;  too  often  that  means  the 
degeneration  of  instruction  into  entertainment.  We  simply 
bring  each  subject  as  a  whole  and  in  all  its  details  into  real 
relations  with  the  work  of  the  engineer.  This  might  seem  to 
put  a  deadening  limitation  on  the  instructor.  On  the  con- 
trary, we  have  found  that  it  is  a  strong  incentive  to  the  best 
work,  for  it  means  that  the  teacher  must  come  out  of  the 
closet  of  his  own  special  research  and  so  present  the  subject 
that  it  becomes  attractive  and  of  definite  value  to  young  men 
of  different  and  seemingly  opposing  interests.  Many  of  the 
technicalities  with  which  the  special  students  of  literature 
are  concerned  must  be  left  out,  it  is  true,  for  the  engineer 
simply  needs  to  learn  how  to  use  a  library  as  a  means  of  mas- 
tering new  subjects  and  to  gain  a  clear  idea  of  the  value  and 
the  interest  which  the  past  has  stored  up  for  him.  But  of  the 
important  matters  of  history  and  literature,  few  if  any  are 
without  value  to  the  engineer,  for  the  only  rational  ground 
we  have  for  calling  them  important  is  that  they  have  been 
instrumental  in  bringing  about  present  conditions  and  so 
shed  light  on  live  problems  of  the  present.  Here  again  we 
are  shaping  the  work  for  engineers,  but  we  believe  that  to 
humanize  the  subject  is  an  advantage  to  any  general  student. 

II,    Training  est  Technical  "Writing. 

Everyone  who  has  any  real  knowledge  of  engineering  litera- 
ture knows  that  it  is  a  form  which  it  is  difficult  to  write  effec- 
tively. "Contrary  to  the  popular  notion,  the  creation  of  so- 
called  'atmospheric'  impression  in  literature  is  much  easier, 
and  of  a  lower  order  of  intellect,  than  to  convey  in  familiar 
words  exactly  what  was  done  and  why.  This  also  takes  imagi- 
nation."* And  when  the  task  is  not  one  of  recording  merely, 
but  of  constructive  creation,  as  in  writing  a  long  technical 
report,  magazine  article,  or  book,  great  skill  is  required  to 

*  Charles  D.  Stewart,  in  the  Atlantic  Monthly  for  October,  1908. 
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give  really  adequate  treatment.  Yet  it  has  been  commonly 
assumed  that  for  such  writing  a  course  in  general  composi- 
tion is  enough.  No  lawyer,  minister,  dramatist,  novelist,  or 
poet  would  assume  that  because  he  had  had  general  training 
in  composition  he  could  become  a  master  of  his  peculiar  form 
without  special  study.  Certainly  the  engineer,  using  a  form 
of  discourse  which,  unlike  the  others,  has  not  been  carefully 
studied,  and  reading  technical  literature  much  of  which  is 
by  no  means  effectively  written,  has  no  less  need  for  special 
instruction.  Clearly  the  engineering  schools  should  give  him 
the  instruction  and  the  practice  he  needs,  not  merely  in  liter- 
ary exposition  (from  which  he  will  get  little  help  in  his  special 
difficulties),  but  in  writing  on  technical  subjects. 

Many  seem  to  think  that  if  a  piece  of  technical  writing  is 
not  satisfactorily  done,  all  it  needs  is  to  have  a  few  commas 
added,  a  sentence  tinkered  here  and  there,  and  certain  words 
replaced  by  more  elegant  expressions.  This  is  seldom  enough. 
If  the  defects  are  at  all  serious  they  go  to  the  very  founda- 
tions. The  subject  needs  from  the  start  to  be  thought  out 
accurately  and  completely,  and  to  be  expressed  in  such  logical 
form  that  the  special  readers  addressed  will  get  just  what 
they  need  to  know  with  no  waste  of  effort  because  of  short- 
comings of  the  writer.  For  these  reasons  we  give  an  ele- 
mentary course  in  the  principles  of  technical  exposition  in 
which  a  few  typical  subjects  are  studied  minutely  in  order 
to  make  clear  the  chief  fundamental  problems  of  engineering 
writing  and  to  give  the  students  a  thorough  logical  drill.  In 
addition  to  this  we  give  an  advanced  course  in  the  writing  of 
theses  on  research  or  construction  work  which  the  individual 
students  have  done. 

This  special  drill  in  technical  writing  is  not  intended  to 
take  the  place  of  other  work  in  English ;  rather  it  is  additional 
— the  final  bringing  of  the  training  in  composition  into  rela- 
tion with  the  special  problems  of  the  profession.  The  extra 
time  required  would  lead  some  to  prefer  to  leave  the  student 
to  work  out  his  problems  blindly  by  himself;  but  the  work 
may  be  justified  as  valuable  general  training.     In  the  old- 
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fashioned  college  course,  the  years  of  training  in  exact  ex- 
pression required  by  the  study  of  Latin  gave  the  students 
thorough  drill  in  exact  thinking.  The  engineer  seldom  has 
the  advantage  of  such  discipline,  and  the  natural  results  show 
in  the  loose  thought  and  still  looser  expression  of  the  majority 
of  technical  graduates.  For  the  needed  mental  discipline  a 
course  in  technical  writing  offers  one  of  the  best  opportunities. 

Many  believe  that  it  is  the  business  of  the  English  instructor 
simply  to  teach  the  use  of  correct  English,  not  to  give  mental 
discipline  which  will  help  the  student  to  think.  There  is  disci- 
pline enough,  they  say,  in  the  technical  subjects  in  engineer- 
ing. But  work  in  applied  science  is  defective  as  general  dis- 
cipline at  the  ven.*  points  where  a  course  in  technical  writing 
has  its  best  opportunities.  Let  me  explain  briefly  four  of  the 
most  important  of  these  opportunities. 

In  the  first  place,  much  of  the  thinking  in  applied  science  is 
done  by  means  of  visual  images  and  symbols,  and  not  in 
words.  But  thought  and  language  are  so  nearly  inseparable 
that,  at  least  in  the  case  of  the  ordinary  undergraduate,  when 
thp  thought  has  not  been  carried  to  actual  expression  in  words 
tiiere  is  always  ground  for  questioning  the  accuracy  or  the 
completeness  of  the  thought.  In  most  cases  when  we  hear  it 
said,  ''  I  know  but  I  cannot  express  myself,"  we  find,  if  we 
make  investigation,  that  the  student  does  not  quite  know. 
And  we  generally  find  that,  if  he  is  led  to  attempt  to  put  his 
ideas  into  exact  language,  he  will  either  arrive  at  full  knowl- 
edge or  will  at  least  get  an  exact  idea  of  what  it  is  he  does  not 
know,  which  is  the  first  and  most  important  step. 

In  the  second  place,  a  large  part  of  the  thinking  done  in 
the  science  courses  is  carried  on  with  the  objects  themselves 
at  hand  and  generally  in  actual  use.  But  in  some  of  the  most 
important  parts  of  engineering  work,  such  as  designing,  in- 
venting, planning,  and  organizing,  the  thinking  has  to  be  car- 
ried on  with  the  objects  present  only  as  ideas.  And  reasoning 
without  the  objects  present  to  suggest,  guide,  and  correct 
thought  is  much  the  more  difficult.  We  frequently  get  stu- 
dents who  insist,  for  example,  after  having  used  transits  for 
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a  year  or  two,  and  used  them  satisfactorily,  that  the  verniers 
are  on  the  same  plate  as  the  graduated  circle.  So  much  more 
thorough  mastery  comes  through  working  out  a  complete 
explanation  of  an  instrument  or  of  a  process  without  the 
objects  present — as  is  required  in  the  English  class — that  we 
find  most  of  the  students  ready  to  spend  the  time  required  to 
write  up  the  subject,  as  soon  as  they  have  grasped  the  method, 
for  the  sake  of  what  they  learn  about  the  instrument  or  the 
process. 

In  the  third  place,  the  English  class  gives  an  opportunity  to 
train  students  in  expressing  themselves  effectively  to  different 
sorts  of  minds.  In  their  other  subjects,  whatever  they  under- 
take to  explain  is  addressed  to  the  instructor,  that  is  to  say, 
to  one  who  knows  more  than  they  about  the  subject  and  who, 
in  all  probability,  is  mainly  interested  in  discovering  a  hint 
here  or  there  which  will  enable  him  to  determine  how  much 
the  student  has  got  from  the  special  instruction  given  him. 
Writing  of  this  sort  is  quite  different  from  explanation  which 
is  in  itself  clear  and  complete ;  and  passing  back  ideas  to  the 
one  from  whom  they  were  received  is  much  simpler  than  ex- 
plaining one's  self  to  different  grades  of  knowledge  and  of 
interest.  ]\Iuch  of  the  writing  done  in  the  subjects  in  applied 
science  is  of  a  nature  to  incapacitate  the  student  for  explain- 
ing his  ideas  as  he  should  in  an  engineering  report,  to  say 
nothing  of  making  a  technical  subject  clear  to  a  non-technical 
reader. 

In  the  last  place,  the  English  class  gives  opportunity  to 
train  men  in  thinking  and  expressing  themselves  completely 
and  accurately.  For  this,  at  least,  it  might  well  seem  there 
should  be  no  need,  for  is  it  not  the  essential  purpose  of  all 
the  work  in  the  engineering  school  to  train  students  to  think  ? 
But  in  science  courses  subjects  are  not  treated  completely; 
many  are  taken  up  part  here  and  part  there  in  various  con- 
nections. It  is  the  business  of  science  to  proceed  step  by  step 
along  an  endless  path.  Literature  on  the  other  hand,  being 
an  art,  insists  on  bringing  things  into  unity.  Now  a  certain 
amount  of  rounding  up  ideas  into  relatively  complete  wholes 
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is  most  valuable  in  gathering  together  loose  ends,  in  bringing 
out  relationships,  and  in  fixing  facts  in  the  memory.  As  for 
accuracy,  if  the  science  instructors  always  insist  on  results, 
that  is  about  as  much  as  can  be  expected.  Attention  can 
seldom  be  given  to  the  way  in  which  the  student  thinks  out 
his  results.  With  large  classes  and  the  consequent  small 
amount  of  attention  given  the  individual  student,  and  with 
the  increasing  amount  of  work  to  be  done  and  the  consequent 
haste,  it  often  happens,  in  spite  of  all  the  instructors  can  do, 
that  students  in  the  elementary  subjects  are  not  only  per- 
mitted to  continue  slack  habits  of  thinking  but  are  actually 
led  to  develop  such  habits,  so  that  much  effort  is  required 
later  to  unlearn  these  lessons.  In  the  English  class  we  take 
up  a  few  subjects,  not  more  than  a  half  dozen  a  term,  and 
study  them  so  minutely  as  to  give  the  students  a  realization 
of  what  accurate  and  complete  treatment  means. 

Naturally  the  good  results  obtainable  in  such  a  course  in 
technical  writing  would  not  be  possible  if  the  students  were 
not  at  work  at  the  same  time  in  their  science  courses ;  but  the 
English  class  gives  opportunities  to  knit  together  many  loose 
ends  of  training  and  to  make  special  study  of  the  possibilities 
of  effective  thought  and  expression  in  dealing  with  technical 
subjects.  It  lays  the  foundation  for  more  efficient  work  in  all 
the  remainder  of  the  engineering  course  and  after  graduation, 
such  a  foundation  as  every  student  in  college  should  have, 
but  which  each  should  get  by  writing  on  those  subjects  of 
which  he  has  special  knowledge. 

m.    Efficiency. 

Much  has  been  done  during  the  past  generation  to  make  the 
teaching  of  English  more  efficient.  It  is  now  generally  recog- 
nized that  the  object  is  to  teach  students  to  think  and  to 
express  their  own  ideas  effectively,  rather  than  to  require 
them  to  explain  or  to  apply  principles  of  rhetoric.  The  work 
has  become  more  and  more  personal,  that  is  to  say,  a  study  of 
the  difficulties  and  the  possibilities  of  the  individual  student 
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in  conference,  rather  than  theoretical  class  instruction.  In 
the  last  place,  the  college  methods  of  the  recent  past,  which 
tended  more  and  more  to  unfit  a  man  for  using  spoken  lan- 
guage, have  been  so  changed  that  students  are  being  taught 
to  speak  as  well  as  to  write.  Not  all  schools  have  yet  adopted 
these  methods,  but  they  are  in  general  use,  and  if  we  have 
tried  to  accomplish  all  we  could  at  Tufts  by  these  means,  we 
can  claim  nothing  original.  "We  have,  however,  sought  effi- 
ciency in  certain  other  ways  which  are  not  generally  recog- 
nized. I  shall  speak  of  these  under  three  heads :  efficiency  in 
the  work  of  the  student,  efficiency  in  the  work  of  the  English 
instructors;  and  efficiency  of  the  school  through  cooperation. 
The  efficiency  of  the  ordinary  student  in  English  is  under 
all  circumstances  difficult  to  maintain.  He  can  already  read, 
speak,  and  write  his  native  language  in  a  way  that  serves; 
and,  no  matter  how  hard  he  strives  to  improve,  progress  seems 
slow  and  uncertain.  For  years  he  has  labored  over  English 
till  he  is  tired  of  it,  and  the  subjects  he  is  generally  asked  to 
write  on  are  not  in  themselves  interesting  enough  to  carry 
him  through  the  wearisome  process  of  composition.  The 
secondary  schools  more  frequently  discourage  the  student  over 
their  shortcomings  than  instill  into  them  interest  and  ambi- 
tion. The  instructor  can  do  much  through  sympathy  and 
personal  knowledge  of  the  students;  but  in  addition  he  needs 
to  consider  two  facts.  In  the  first  place,  no  one  can  write  to 
advantage  on  a  subject  about  which  he  knows  little,  and  the 
untrained  certainly  cannot  do  themselves  justice  on  subjects 
in  which  they  are  not  interested.  In  the  second  place,  the 
knowledge  that  the  writing  is  to  serve  no  real  purpose  is 
enough  to  wilt  the  nascent  determination  of  any  but  those 
who  have  natural  talent  for  writing.  In  spite  of  these  facts, 
teachers  ask  students  to  write  mainly  on  subjects  about  which 
they  can  have  no  real  knowledge  and  in  which  they  are  not 
at  all  interested,  and  frankly  consign  the  papers  to  the  waste- 
basket  after  they  have  been  graded.  Obviously  if  we  would 
increase  the  efficiency  of  the  work  we  must  cease  to  require 
students  to  do  what  we  should  revolt  at  doing  ourselves. 
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Great  care  needs  to  be  exercised  in  choosing  subjects  about 
"which  the  students  have  some  real  knowledge :  and  by  giving 
thought  to  the  matter  many  may  be  found  "which  have  real 
use.  The  mathematics  department,  for  example,  wants  a  con- 
cise explanation  of  the  process  of  interpolation  to  be  used  in 
class  instruction;  or  the  dra"wing  department  would  like  to 
have  the  students  carefully  write  up  the  method  of  plotting  a 
curve.  The  college  newspaper  wishes  news  reports  of  all  sorts 
and  thoughtful  suggestions  on  any  subject  of  college  interest. 
Many  good  suggestions  as  to  class  methods,  fraternity  life, 
the  athletic  situation,  and  similar  subjects  "will  come  from  the 
undergraduates,  and  if  the  instructor  talks  each  suggestion 
over  "with  its  author  and  explains  other  views  of  the  subject, 
he  often  can  interest  the  student  to  write  a  strong  defense  of 
a  good  proposition.  We  have  often  sent  to  the  Dean,  to  the 
President,  or  to  the  Trustees  a  freshman  suggestion  which  has 
helped  to  effect  an  important  reform.  Then,  too,  the  college 
literary  paper  is  always  on  the  lookout  for  good  stories  and 
critical  articles.  It  is  surprising  how  much  interest  freshmen 
engineers  "^11  take  in  "writing  stories,  and  how  much  they 
"will  gain  from  such  writing.  Some  forms  of  writing  which 
we  wish  to  require  we  cannot  put  to  such  immediate  use ;  but 
we  can  often  make  the  subject  interesting  to  the  student.  At 
the  time  we  call  for  a  character  sketch,  we  invite  an  engineer 
who  has  had  much  experience  in  handling  and  in  estimating 
men,  for  example,  a  manager  of  a  branch  of  a  great  electric 
company,  to  speak  to  the  class  on  character  in  engineering 
and  how  to  judge  men.  When  we  wish  a  reminiscence  written, 
we  call  in,  let  us  say,  a  member  of  the  faculty  who  has  made 
some  notable  explorations,  and  have  him  tell  stories  of  his  work. 
As  a  result  most  of  the  students  no  longer  write  simply 
"themes."  In  spite  of  all  we  can  do,  there  is  some  writing 
"without  interest  or  purpose,  but  we  watch  for  it  and  in  con- 
ference we  can  in  part  overcome  the  difficulty,  so  that  we  may 
hope  in  all  cases  to  make  "writing  wait  upon  knowledge,  inter- 
est, and  recognition  of  real  purpose. 

The  efficiency  of  the  instructors  is  much  more  easily  devel- 
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oped;  and  it  is  surprising  that  so  little  is  done  in  many  col- 
leges and  schools  to  fit  the  teachers  for  the  work  they  are  to 
perform.  Attention  enough  may  be  paid  to  seeing  that  they 
"know  their  subject,"  but  except  in  advanced  work  that  is  by 
no  means  all  of  the  real  need.  At  Tufts  we  require  each  new 
instructor  in  English  to  serve  a  year's  apprenticeship.  Dur- 
ing that  time  he  has  papers  to  read  and  conferences  to  hold, 
but  no  charge  of  classes.  Moreover,  he  is  required  to  attend 
all  the  classes  in  English  as  listener  and  critic.  To  many  this 
would  seem  needless  waste,  but  we  have  not  found  it  so.  The 
real  waste  is  to  let  a  man  blunder  into  his  teaching  without 
exact  knowledge  of  his  predecessor's  experience.  The  new 
instructors  we  engage  are  without  experience  as  teachers,  and 
by  attending  classes  they  not  only  have  the  needed  oppor- 
tunity to  learn  what  past  experience  has  taught  as  to  methods, 
but  are  able  to  suggest  many  improvements.  Since  they  are 
generally  nearer  the  students  in  years,  position,  and  interests, 
they  can  observe  the  actual  working  of  the  system,  the  real 
success  and  the  many  points  of  failure,  much  more  accurately 
than  the  teacher  in  charge.  Such  apprenticeship  requires  the 
teacher  to  do  much  himself  that  is  usually  turned  over  to 
assistants,  but  the  gain  in  insight  and  in  suggestions  more 
than  pays. 

We  also  require  all  our  instructors  to  spend  as  much  of 
their  time  as  possible  with  the  instructors  of  other  depart- 
ments that  they  may  be  in  actual  contact  with  engineering 
work,  that  they  may  know  exactly  what  their  students  are 
doing  in  other  classes,  and  that  they  may  have  the  opportunity 
of  looking  on  their  own  subject  from  other  points  of  view. 
We  allow  them  time  and  encourage  them  to  study,  to  write 
themselves,  and  to  assist  fellow  instructors  and  others  who 
may  be  writing,  in  order  that  they  may  overcome  the  warping 
influence  of  dealing  entirely  with  immature  minds.  In  the 
last  place  we  keep  the  whole  department  in  contact  with  Eng- 
lish as  it  is  used  in  the  engineering  world  beyond  the  college 
limits  by  calling  in  well-known  and  successful  engineers  to 
speak  on  various  practical  problems  of  writing.    It  is  difficult 


44  ENGLISH  AT  TUFTS   COLLEGE. 

to  get  speakers  who  are  satisfactory,  because  many  are  unwill- 
ing to  express  their  ^dews  on  the  use  of  English  before  a 
teacher  of  the  subject,  and  because  many  are  unable  to  grasp 
the  freshman  position :  but  all  teachers  need  some  such  check 
on  their  work.  One  who  studies  the  art  of  composition  from 
the  teacher's  side  of  the  desk  only  is  certain  to  give  undue 
prominence  to  his  personal  hobbies  and  is  in  constant  danger 
of  losing  contact  with  real  life.  The  practical  man  may  come 
to  hare  unworthy  ideals  in  writing,  but  after  all  it  is  he  that 
puts  the  training  to  real  proof. 

Our  situation  makes  it  possible  to  bring  about  helpful  co- 
operation among  the  members  of  the  faculty,  which  increases 
the  efficiency  of  the  school  as  a  whole.  The  English  confer- 
ences with  the  freshmen  are  held  while  the  men  are  in  the 
drafting  rooms  or  in  the  shops,  so  that  at  least  one  English 
instructor  is  present  while  most  of  that  work  is  carried  on. 
This  helps  the  students  to  think  of  English  as  a  part  of  their 
technical  training  rather  than  as  something  which  takes  them 
away  from  engineering  buildings.  In  addition  it  makes  pos- 
sible continual  co-operation  between  departments.  For  in- 
stance, the  English  instructor,  in  talking  over  a  character 
sketch  in  which  the  student  has  given  simply  the  external 
appearance,  is  trying  to  lead  the  writer  to  see  for  himself 
other  possibilities.  The  student  does  not  catch  the  idea,  when 
the  instructor  in  drawing,  who  has  overheard  a  part  of  the 
conference,  asks,  ' '  How  about  the  dotted  lines  ?  ' '  and  the 
student  sees  at  once.  Or,  circumstances  may  be  reversed. 
The  teacher  of  drawing,  in  explaining  something  to  his  class, 
has  occasion  to  pass  from  the  consideration  of  graphic  lan- 
guage to  some  point  of  verbal  expression,  and  he  immediately 
calls  upon  the  English  instructor  for  his  opinion.  Instructors 
in  English  in  engineering  schools  should  be  trained  engineers, 
and  teachers  of  applied  science  certainly  ought  to  be  masters 
of  good  English,  but  the  ideal  is  seldom  fully  realized.  As  a 
substitute,  co-operation  is  a  great  help. 

The  general  possibilities  of  cooperation  between  the  Eng- 
lish department  and  the  other  departments  in  the  engineering 
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school  are  numerous  and  very  important.  More  than  that, 
they  are  much  more  easily  put  into  practical  operation  than 
those  who  have  not  made  the  attempt  realize.  I  have  already 
mentioned  occasions  on  which  the  English  instructor  can  get 
his  class  to  write  on  subjects  of  value  to  other  instructors; 
and  there  are  many  opportunities  for  such  work  during  the 
four  years.  Then  it  is  possible  to  bring  into  the  English  office 
much  that  is  written  for  other  classes,  such  as  examination 
papers,  reports,  and  theses ;  and  conferences  may  be  held  with 
the  students  on  these  papers.  To  give  students  a  few  hours 
per  week  of  artificial  drill  in  the  use  of  language  in  his  ' '  Eng- 
lish" class,  and  neglect  the  real  practice  in  speaking  and  in 
writing  which  they  get  all  the  rest  of  the  time  is  certainly 
poor  economy.  "We  find  it  possible  to  have  some  influence 
over  the  language  opportunities  in  everyone  of  the  freshman 
classes  and  over  enough  of  the  sophomore  classes  to  have  a 
real  check  upon  the  students '  work.  In  the  upper  classes  the 
work  we  can  do  with  the  students  is  voluntary  on  their  part, 
but  with  proper  habits  formed  during  the  first  two  years  a 
large  number  continue  to  look  to  the  English  department  for 
help.  In  all  co-operation  with  other  departments  it  is  of  the 
first  importance  that  the  two  instructors  concerned  work 
together  over  enough  of  the  papers  to  bring  them  into  under- 
standing and  agreement;  otherwise  there  is  almost  certain  to 
be  serious  friction.  From  his  associate,  the  English  instructor 
gets  helpful  insight  into  matters  of  an  engineering  nature  and 
the  opportunity  to  see  his  own  work  through  the  eyes  of  a 
mature  person  who  is  not  a  professional  teacher  of  English. 
On  the  other  hand,  the  instructor  in  the  other  subject  not  only 
keeps  in  contact  with  good  practice  in  writing,  but  often  gets 
help  in  presenting  his  own  subject  from  working  with  one  who 
is  more  mature  than  the  students  and  yet  may  have  even  less 
knowledge  of  the  special  subject. 

The  position  of  English  in  the  curriculum  is  different  from 
that  of  any  other  subject,  for  the  reason  that  no  teacher  in 
the  institution  can  help  exerting  influence,  good  or  bad,  over 
the  students'  use  of  their  native  tongue.     The  training  the 
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student  gets  depends  not  on  the  teacher  of  English  alone,  but 
on  the  general  attitude  of  the  faculty  toward  the  subject. 
This  is  specially  true  in  a  professional  school.  If  any  teacher 
in  speaking  or  in  writing  shows  himself  ignorant  or  careless, 
if  he  cannot  use  standard  English,  if  he  cannot  express  him- 
self without  confusing  those  he  is  addressing,  he  is  exerting 
harmful  influence.  Even  an  instructor  who  is  careful  himself, 
if  he  permits  his  students  to  use  wretched  English  without 
protest  or  with  the  simple  comment  that  he  has  no  time  to 
spend  over  poor  English,  is  giving  the  suggestion  that  cor- 
rectness of  form  and  clearness  of  expression  are  of  entirely 
secondary  importance  in  practical  work.  Since  this  sugges- 
tion is  naturally  welcome  to  those  students  who  are  having 
difficulties  in  writing,  it  will  in  many  cases  be  more  powerful 
than  anything  the  instructor  in  English  can  give  in  the  few 
hours  he  may  work  with  his  class.  On  the  other  hand,  if  the 
instructor  insists  that  accurate  thought  and  clear  expression 
are  essential  parts  of  all  the  student's  work,  he  is  teaching 
English  whatever  his  department  may  be ;  in  fact  his  influence 
is  greater  if  he  is  not  a  professional  teacher  of  English.  Many 
teachers  of  science  think  they  have  no  time  to  devote  to  form 
of  expression,  or  they  feel  they  have  not  the  technical  training 
necessary  to  deal  with  language  questions;  but  the  teaching 
of  adequate  expression  within  his  special  field  is  an  essential 
part  of  every  instructor's  business,  and  whether  he  recognizes 
it  or  not  no  teacher  can  escape  training  his  students  in  the  use 
of  language.  It  is  not  a  question  of  thorough  mastery  of 
"good  use,"  for  many  of  the  technicalities  of  the  rhetorician 
are  of  little  real  importance;  it  is  not  a  question  of  always 
being  right — many  good  teachers  of  English  are  far  from 
models  themselves.  The  important  thing  is  to  realize  that 
the  writer  should  always  express  himself  accurately,  com- 
pletely, and  in  such  form  that  the  reader  gets  his  meaning 
without  unnecessary  effort,  and  that  the  writer  should  avoid 
such  language  as  will  distract  the  reader's  attention  from  the 
subject  matter  and  center  it  on  the  writer's  ignorance  or  care- 
lessness.   By  proper  methods  of  co-operation  we  believe  it  is 
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possible  to  make  the  whole  school  a  unit  in  teaching  good 
English. 

Results. 

At  Tufts  we  have  been  working  under  specially  favorable 
circumstances.  Members  of  the  Faculty  have  been  ready  to 
spend  much  time  reading  papers  with  us  and  assisting  with 
suggestions,  and  above  all,  we  have  had  the  advice  and  criti- 
cism of  a  President  and  of  a  Dean  who  are  not  so  much  special- 
ists in  engineering  as  expert  educators.  Yet  we  have  had 
difficulties  to  overcome.  Many  of  our  methods  have  been,  as 
far  as  we  know,  innovations,  consequently  we  have  had  to 
cut  and  try  without  the  guidance  of  previous  experience ;  we 
have  had  to  discover  and  train  our  instructors;  and  we  have 
even  had  to  write  all  our  text-books.  The  success  of  our 
methods  we  cannot  judge,  but  we  believe  that  where  they  have 
not  worked  well  the  failure  has  been  due  to  defects  in  the 
human  instrumentalities.  It  is  our  ideal  to  keep  our  work 
strictly  training  for  engineers,  to  meet  every  practical  need 
as  fully  as  possible,  to  help  in  giving  the  students  the  broad- 
est interpretation  of  the  profession,  and  to  take  advantage  of 
all  the  opportunities  for  training  which  the  curriculum  offers 
and  of  the  conscious  and  unconscious  assistance  of  all  the 
instructors.  "We  believe  that  the  results  of  our  work,  both  in 
composition  and  in  literature,  will  compare  favorably  for 
thoroughness  and  breadth  with  those  attained  in  any  general 
collegiate  course,  and  that  we  have  but  applied  to  "English 
for  students  of  engineering"  methods  which  would  increase 
the  efficiency  of  the  teaching  of  English  in  any  school. 
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BY  F.   N.   EAYMOND, 
Assistant  Professor  of  English,  University  of  Kansas. 

Professor  Earle  has  described  the  work  of  the  "English" 
instructor  and  explained  somewhat  of  the  motives  and  condi- 
tions which  govern  that  work  as  it  is  now  conducted  in  some, 
at  least,  of  the  schools  of  engineering.  In  this  paper,  there- 
fore, I  shall  omit  much  of  what  I  had  thought  of  saying  about 
that,  except  to  reenforce,  if  possible,  some  of  his  statements 
and  to  use  some  of  them  as  a  starting  point  for  my  own. 
Especially  I  wish  to  call  attention  to  Dean  Anthony's  remark* 
that  he  believes  the  method  of  conducting  the  English  work 
there  described  is  the  proper  method,  not  only  for  the  school 
of  engineering,  but  for  the  other  schools  as  well ;  the  school  of 
medicine,  the  school  of  law,  the  college  of  liberal  arts. 

I  wish  to  present  to  the  Society  some  considerations  which 
may  form  a  basis  for  the  practical  discussion  of  the  whole 
matter  of  using  written  papers  and  books  to  best  advantage 
in  the  engineering-school  work.  The  statement  is  necessarily 
much  condensed;  I  hope  it  will  be  suggestive.  This  society 
has  often  considered  subjects  which  are  really  phases  of  this 
large  one,  and  has  shown  that  the  efficiency  of  this  kind  of 
work  is  of  interest,  directly,  to  all  departments  of  the  educa- 
tional system  and  to  the  men  who  have  to  use  the  services  of 
our  graduates.  The  discussion  to  be  brought  out  will  secure, 
it  is  hoped,  some  clearer  understanding  of  the  character  of 
the  training  that  is  to  be  given  and  a  greater  degree  of  com- 
mon effort,  by  all  who  have  anything  to  do  with  it,  to  secure 
the  best  possible  results. 

Let  me  review  some  commonplaces.     The  writing  of  papers 

*  This  remark  was  made  by  Dean  G.  C.  Anthony  in  connection  with  the 
abstract  of  Professor  Earle 's  paper  which  he  presented. 
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and  the  study  of  books  are  to  be  regarded,  in  themselves,  as 
one  kind  of  work.  For  want  of  a  better  name  this  is  often 
called  "English,"  and  its  formal  study  put  into  a  special 
department.  But  it  is  used  in  all  departments,  both  as  a 
means  of  education  in  itself  and  as  a  vehicle  in  the  use  of 
other  studies  for  the  purposes  of  education. 

The  best  basis  for  organizing  the  study  and  practice  of 
composition  seems  to  be  that  of  purpose.  Methods  which  are 
too  formal,  in  teaching,  are  dangerous,  because  the  material 
to  be  worked  in  is  the  student's  mind,  and  this  is  not  to  be 
shaped  arbitrarily  by  pattern  but  developed  in  its  own  char- 
acteristics and  its  ability  to  work.  At  the  same  time  some 
elements  of  uniformity  have  to  be  secured,  because  the  very 
nature  of  scholarship  is  co-operative. 

The  great  practical  aim  of  a  course  of  training,  then,  it  may 
be  said,  is  that  the  student  be  enabled  to  write  independently 
next  year ;  that  is,  that  he  be  able  to  give  other  men  informa- 
tion which  will  be  useful  to  them  and  in  such  shape  that  they 
can  use  it. 

The  young  man  entering  the  field  of  scholarship  has  to 
learn  what  this  service  means.  He  has  usually  to  learn  the 
difference  between  committing  to  memory  and  reciting  lessons 
of  fact  and  precept  which  his  teacher  sets  for  him,  and  that 
kind  of  study  which  begins  with  gathering  knowledge  by  his 
own  observation  and  proceeding  to  reason  upon  it,  with  no 
answer  in  the  book,  but  with  the  view  to  forming  results  which 
are  the  best  humanly  possible.  This  is  education  for  service, 
indeed,  but  it  is  also  the  foundation  for  the  development  of 
genius  (where  genius  exists),  and  the  natural  beginning  of 
culture. 

The  practical  difficulties  a  student  encounters  in  approach- 
ing original  studies  are  the  unexpected  complexity  of  real 
problems  and  his  inability  to  use  effectually  what  knowledge 
he  has.  He  is  in  a  new  world  intellectually,  yet  he  has  to 
learn  to  walk  for  himself.  We  can  encourage  him  but  we  can- 
not, beyond  a  certain  distance,  teach  him  the  way. 
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The  immediate  lessons,  then,  are  those  of  accurate  and 
thorough  observation,  clear  perception  of  purpose,  and  adapta- 
tion to  purpose.  These  are,  of  course,  the  essential  elements 
of  all  study:  they  belong  conspicuously  to  rhetoric  because 
the  verbal  statement  is  the  direct  embodiment  of  the  thought. 
Along  with  these  must  be  developed  the  spirit  and  habit  of 
good  workmanship.  The  language,  for  most  men,  is  mainly 
the  instrument  of  mental  work,  a  few  hundred  words  and  a 
few  rules  of  grammar  and  conventional  forms  of  statement. 
These  form  a  code  of  symbols  by  which  men  represent  their 
knowledge  and  opinions;  they  are  fairly  easy  to  learn,  when 
one  pays  attention,  but  the  real  problem  of  using  them  lies  not 
in  the  forms  themselves,  but  in  the  knowledge  and  opinion 
underneath.     But  good  results  require  good  work. 

The  skill  of  language,  however,  from  accurate  spelling  up, 
comes  with  the  increase  of  knowledge  and  refinement  of  think- 
ing and  with  the  growing  spirit  of  care  in  handiwork. 

The  actual  manner  of  organizing  classes  is  less  important 
than  are  the  recognition  of  its  character  and  the  co-opera- 
tion of  all  departments  to  secure  its  effectiveness.  The  ideal 
method  would  be  for  each  student  to  be  so  intimately  asso- 
ciated with  an  all-wise  teacher,  no  matter  what  the  special 
subject  of  instruction,  that  his  whole  school  work  would  be 
directed  for  his  best  intellectual  development.  This  would 
involve  a  continuous  preparation  of  reports  and  other  papers 
of  all  kinds,  and  their  best  criticism.  Somewhat  of  this  is 
provided  in  particular  schools  and  by  particular  teachers,  but 
the  great  number  of  students  and  the  extent  of  business  in 
most  schools  make  it  impossible.  The  inconspicuous  student 
in  his  years  of  general  preparation,  at  least,  goes  through  the 
mill  and  comes  out  as  he  may.  The  dean  is  overworked,  the 
drawing  and  language  and  mathematics  give  place  to  special 
studies ;  see,  then,  what  an  opportunity  is  open  to  the  writing 
work,  which  is  the  only  element  to  run  through  consistently 
with  natural  development  during  the  whole  four  years — from 
freshman  rhetoric  to  senior  thesis ! 

The  system,  then,  we  will  say,  is  to  be  formulated  along 
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lines  that  will  be  quite  definite  and  yet  pliable  enough  to  fit 
the  service  of  all  departments.  It  will  have  three  main  parts, 
the  required  work  of  the  studies  in  "English,"  that  is,  the 
writing  of  papers  and  the  study  of  books  in  the  formal  way; 
the  required  use  of  written  papers  and  books  in  the  study  of 
other  subjects ;  and  the  similar  work  which  may  be  undertaken 
by  the  student  for  various  reasons  with  such  assistance  as  he 
can  secure.  This  course  is  printed  in  succinct  statement  and 
each  student  and  each  instructor  understands  that  it  is  to 
govern  all  the  work  of  this  character  (except,  of  course,  as 
changed  for  special  reason  in  particular  instances)  through- 
out the  four  years.  It  is  accompanied  by  a  code  of  the 
standard  forms  of  words,  sjTnbols,  manuscript,  and  other 
parts,  as  far  as  it  may  be  desirable  to  make  these  formal. 
If  for  any  reason  modifications  or  changes  are  desirable 
for  special  departments  they  may  be  prescribed  by  that 
department. 

The  special  work  of  the  "English"  department,  I  believe, 
for  the  best  results,  consists  of  the  freshman  rhetoric  and  some 
kind  of  advanced  composition  with  what  provision  may  be 
for  other  help  when  the  student  may  ask.  Skill  in  writing 
is  not  to  be  taught  to  a  great  extent  but  grows  gradually 
along  with  the  increase  of  knowledge  and  the  refinement  of 
judgment.  Spelling,  grammar,  and  the  other  conventional 
forms  of  language  expression  are  not  to  be  taught  finally. 
Year  after  year  of  observation  have  sho%vn  that  just  ninety 
per  cent  of  the  students  who  came  to  us  are  weak  in  spelling 
and  grammar,  and  in  all  cases  that  this  weakness  is  grounded 
in  poor  eyesight  and  poor  habits  of  workmanship.  I  do  not 
believe  in  the  "natural-born  poor  speller  who  is  good  at  other 
work."  Not  one  of  the  men  under  observation  has  failed  to 
improve  as  he  learns  to  use  his  eyes  accurately  and  to  hold 
himself  responsible  for  greater  attention  in  all  kinds  of 
handiwork. 

The  rhetoric  course  is  therefore  mainly  introductory,  to 
put  the  student  into  the  right  attitude  toward  his  new  work, 
to  make  him  acquainted  in  a  general  way  with  the  language 
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used  by  his  craft,  and  to  teach  him  somewhat  of  mental 
discipline.*  It  need  not  be  a  burdensome  course,  but  should 
have  weight  enough  to  command  its  share  of  real  attention 
among  his  many  occupations;  three  hours  per  week  for  the 
year  is  probably  enough. 

The  advanced  course  in  a  way  follows  the  pattern  of  the 
former,  but  at  a  stage  of  the  student's  life  when  he  has 
greater  knowledge,  more  definite  outlook,  and  more  maturity 
of  mind.  It  guides  him  as  far  as  he  is  able  to  go  into  the 
meaning  of  men's  work.  It  studies  the  nature  of  human 
knowledge,  the  means  men  have  for  acquiring  knowledge,  their 
natural  methods  of  developing  it  and  reasoning  upon  it  and 
putting  it  to  use.  It  points  the  way  to  the  study  of  all  sub- 
jects of  human  interest,  even  to  the  study  of  men. 

Such  a  course  need  not  be  long  nor  require  much  time 
during  progress,  but  it  must  be  heavy  enough  to  demand  the 
most  serious  of  mental  effort.  In  our  scheme  it  is  given  three 
hours  per  week  for  one  half  year. 

Scientific  reports  and  other  technical  discussions  form 
admirable  means  of  studying  methods  of  study.     They  are 

*  The  practical  -work  of  the  rhetoric  class  may  be  briefly  indicated. 
The  first  exercise  is  always  a  statement  of  the  student's  name,  place  of 
residence  both  at  home  and  at  school,  school  experience,  travel,  and  such 
other  information  as  may  be  helpful  to  the  instructor  in  laying  out  his 
work.  This  statement  is  obviously  matter-of-fact  and  for  real  use. 
After  being  criticised  and  extended  by  oral  discussion  it  is  rewritten 
and  becomes  a  permanent  record.  Next  is  assigned  an  explanation  of 
the  special  work  the  student  expects  to  do  at  school  and  a  description  of 
the  equipment  provided  for  this  work;  this  statement  is  never  satisfac- 
tory to  the  student,  but  it  shows  him  somewhat  of  what  is  to  be  learned. 
Then  he  is  asked  for  information  about  the  town  from  which  he  has 
come  to  school;  he  offers  first  a  gushing  commentary,  but  upon  ques- 
tioning soon  learns  to  give  maps  and  specific  facts,  and  discovers  the 
gaps  in  his  own  previous  knowledge  of  the  most  commonplace  things. 
He  is  practiced  upon  sidewalks,  broken  fences,  small  pieces  of  machinery, 
with  careful  attention  to  dimensions,  materials,  etc.;  and  presently  is 
sent  to  make  descriptions,  and  later  to  make  reasoned  discussions  which 
are  needed  in  work  which  older  students  and  instructors  are  doing. 
This  practice,  of  course,  lasts  throughout  the  whole  of  a  student's  course 
at  the  school. 
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obviously  purposeful  and  of  the  same  character  as  the  knowl- 
edge they  represent.  Accuracy  and  methodical  progress  are 
necessan-  on  the  surface  of  them.  They  are  interesting,  too, 
for  both  ^vriter  and  reader,  and  easy  means  of  arousing  the 
schoolboy  from  his  lesson-reciting  to  original  study.  Even  the 
slow  men  seldom  fail  to  find  a  new  interest  in  their  work  when, 
after  a  few  preliminary  exercises,  they  discover  the  meaning 
of  a  request  for  an  accurate  matter-of-fact  statement  of  infor- 
mation. To  make  this  incentive  more  forceful,  and  also  to  do 
a  real  service  in  the  conduct  of  other  work,  it  is  well  to  have 
these  reports  designed  for  actual  use — that  is,  for  contribution 
to  a  manuscript  library'  in  the  rooms  of  the  rhetoric  depart- 
ment. Such  a  library  containing  description  of  places,  condi- 
tion, plants,  methods  of  engineering  work,  etc.,  has  been  found 
to  be  remarkably  useful. 

The  written  papers  required  by  other  departments  vary 
from  brief  records  and  reports  of  work  done  to  the  elaborate 
senior  thesis.  At  Kansas  a  so-called  "technical  report"  has 
been  required  of  each  student  in  each  semester  when  he  has 
no  other  special  writing  to  do.  This  practice  has  lately  been 
reorganized  and  become  very  profitable.  The  task  is  assigned 
for  each  student  early  in  the  term  by  some  instructor  in  engi- 
neering, preferably  upon  some  subject  that  is  offered  by  the 
student;  the  paper  is  specified  as  2.500  words  in  length  and 
with  certain  characteristics;  it  is  submitted  in  January  or 
March,  criticised,  revised,  and  after  acceptance  is  deposited 
in  the  library  of  the  school.  Each  student  ordinarily  during 
his  four  years,  puts  into  the  the  library  four  papers  of  this 
kind  and  his  graduation  thesis.  He  is  not  apt  to  resist  the 
temptation  to  take  pride  in  them.  Incidentally,  the  sewer 
systems  and  power  plants  of  the  various  towns  in  the  State 
are  pretty  generally  on  record  in  our  school  library.  Such 
written  work  as  this,  by  its  continuance  through  the  whole 
four  years  and  in  its  evidence  of  the  interest  shown  by  the 
professional  men,  is  for  many  students  the  real  force  of  the 
system. 

If  these  studies  have  accomplished  their  full  purpose  the 
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student  is  inspired  with  the  wish  to  continue  the  same  kind  of 
work.  From  what  I  have  seen  I  do  not  believe  in  extending 
the  formal  rhetoric  work  beyond  these  two  courses;  I  cer- 
tainly have  doubts  of  journalistic  instruction  for  any  but 
those  peculiarly  adapted  to  it.  Studies  in  literature,  history, 
economics,  beyond  those  prescribed,  are  offered  in  the  Univer- 
sity, however ;  and  the  '  *  English ' '  department  should  be  made 
the  natural  headquarters  for  those  who  have  the  liking  to 
"spill  ink"  and  to  inquire  into  books.  The  "technical  re- 
ports," which  are  to  be  judged  by  men  in  other  fields  of 
interest,  furnish  us  a  convenient  means  of  laying  out  sys- 
tematic studies  and  courses  of  library  research.  Men  come 
to  us  for  references  and  help  in  making  bibliographies  and 
card  indices.  They  come  to  us  to  criticise  their  society  and 
other  public  speeches,  and  their  contributions  to  the  news- 
papers. Thej'  come  to  us  even  to  criticise  their  songs.  The 
"English"  department  is  not  to  be  looked  at  as  a  sort  of  applier 
of  varnish  to  hard-grained  science,  but  as  an  editorial  council 
for  the  promotion  of  whatever  intellectual  product  may  be 
offered.  And  the  "English"  department  ought  to  be  large 
enough  in  spirit  and  in  numbers  to  fulfill  this  duty. 

Two  topics,  then,  I  wish  to  present  especially  for  your  dis- 
cussion, besides  the  general  subject  of  the  character  of  train- 
ing that  may  be  done  by  the  English  department.  The  first  is 
the  possibility  of  compiling  a  code  of  authoritative  forms,  so 
far  as  it  may  be  desirable  to  have  such  forms,  to  govern  the 
use  of  special  terms,  abbreviations,  capitalization,  forms  of 
manuscript,  tables,  bibliographies,  illustrations,  etc.*  The 
other  is  the  organized  co-operation  throughout  all  departments 
to  secure  the  best  results  in  the  matter  of  preparing  written 
papers  and  work  of  similar  nature. 

Discussion. 

Mr.  Wm.  Kent:  One  way  we  had  of  teaching  English  at 
Syracuse  was  to  call  upon  each  engineering  student  for  an 

*  Such  a  code,  it  may  be  said,  has  been  undertaken,  in  a  tentative  way, 
since  this  paper  was  written. 
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occasional  report.  He  was  expected  to  visit  some  works  in 
the  neighborhood  of  his  home  to  examine  its  steam  boiler- 
plant  and  to  bring  back  a  report:  "Such  a  report  as  you 
would  make  to  a  man  who  might  consider  buying  the  plant, 
but  as  he  has  not  seen  it,  he  sends  you  to  inspect  it.  Tell  all 
about  the  boilers,  their  size  and  make,  and  anything  else  you 
can  learn  about  them.  Ask  questions  of  the  fireman,  engineer 
and  anyone  else  who  can  help  you.  The  idea  is  not  to  find  out 
how  to  investigate  a  boiler  plant,  but  whether  you  know  how 
to  report  to  a  man  who  wants  to  buy  a  boiler  plant  so  that  he 
will  understand  just  what  it  is  like."  We  got  in  this  way  a 
report  from  every  student,  and  this  was  turned  over  to  the 
English  department  for  criticism.  One  of  the  reports  was 
mimeographed  and  handed  to  the  class  with  the  statement: 
"Here  is  in  one  sense  a  model  report.  Every  question  has 
been  asked  that  ought  to  be  asked  and  the  essentials  are  here. 
But  at  the  same  time  it  is  the  worst  example  of  English  in 
the  lot.  It  is  three  times  as  long  as  it  should  be,  and  it  con- 
tains bad  spelling  and  composition.  Your  next  exercise  is  to 
find  out  the  facts  in  this  report  and  express  them  in  one-half 
the  space."  That  was  a  good  exercise.  A  year  or  two  after 
that  I  got  a  letter  from  the  writer  of  the  report.  He  said, 
"Please  don't  have  this  letter  mimeographed,  but  that  was  a 
good  lesson  for  me. ' ' 

Professor  H.  S.  Jacoby:  I  would  like  to  ask  :\Ir.  Kent  what 
his  notion  is  in  regard  to  the  relative  value  of  these  two  kinds 
of  work:  first,  writing  the  original  report;  and  second,  cor- 
recting the  report  made  by  the  student  himself  or  by  some 
one  else. 

Mr.  Kent:  I  think  the  correction  of  the  report  is  worth 
about  three  times  as  much  as  the  original  writing  of  it. 
Originally  the  man  writes  down  what  comes  into  his  head 
without  any  idea  of  composition.  The  man  who  criticizes  the 
report  has  to  use  his  critical  faculty,  and  has  to  bring  all  of 
his  knowledge  of  composition  to  bear  upon  it. 

Professor  J.  M.  Telleen:  As  a  teacher  of  English  I  am 
naturally  interested  in  this  discussion.     Professor  Earle  has 
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emphasized  the  fact  that  English  is  a  fundamental  subject, 
based  not  only  on  the  matter  of  good  usage  in  the  selection 
of  words,  but  also  on  the  application  of  the  principles  of 
logic.  Accordingly  it  falls  to  the  lot  of  the  English  depart- 
ment to  teach  the  process  of  analysis  and  synthesis  and  then 
to  indicate  how  the  same  is  applied  in  mathematics,  chemistry, 
physics,  mechanics,  etc.  The  courses  in  logic  which  are  given 
in  several  of  our  engineering  colleges  must  accordingly  be 
considered  fundamentally  scientific.  By  breaking  away  from 
the  dry-as-dust  rules  and  insisting  rather  upon  their  prac- 
tical application  in  the  laboratory  and  in  the  everyday  con- 
cerns of  life,  the  teacher  is  incidentally  in  position  to  help 
develop  individuality  and  initiative  in  the  work  of  the  student. 

The  standardization  referred  to  by  Professor  Raymond 
deserves  attention.  A  few  years  ago  a  committee  represent- 
ing the  four  leading  national  engineering  societies  recom- 
mended the  adoption  of  fourteen  rules  on  standard  abbrevia- 
tions, symbols,  etc.  Only  one  of  these  societies,  the  American 
Society  of  Civil  Engineers,  has  adopted  these  rules  in  prac- 
tice. The  Mining  Engineers  have  accepted  all  of  them  with 
one  exception,  whereas  the  ]\Iechanical  Engineers  and  the 
Electrical  Engineers  have  inserted  them  in  their  respective 
style  sheets.  The  Society  of  Civil  and  Mechanical  Engineers 
of  England  had  the  matter  of  standard  formulas  up  for  dis- 
cussion a  few  years  ago,  but  has  not  as  yet  come  forward  with 
any  definite  recommendations.  As  the  engineers  themselves 
are  undertaking  this  problem,  the  teacher  of  English  will  be 
spared  entering  this  field  of  standardization. 

In  conclusion,  let  me  call  your  attention  to  a  careless  use  of 
terms  pertaining  to  English  on  the  part  of  some  engineers. 
In  a  well-known  book  on  specifications  and  contracts  the 
author  urges  the  writers  of  such  documents  to  "avoid 
rhetoric."  The  absurdity  of  this  advice  is  apparent  when  we 
remember  that  rhetoric  is  nothing  but  the  expression  of  one's 
thought  with  the  greatest  possible  efficiency.  A  due  regard 
for  rhetoric  in  the  preparation  of  specifications  and  contracts 
will  prevent  unnecessary  misunderstandings  and  conse- 
quently, costly  lawsuits. 
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Professor  H.  Wade  Hibbard:  I  wish  to  call  attention  to 
four  points:  (1)  I  would  like  to  take  up  the  gauntlet  just 
cast  down  by  the  first  engineering  professor  that  started  me  in 
my  engineering  instruction.  I  believe  he  said  or  intimated 
that  there  is  no  college  in  the  country  where  engineering  stu- 
dents could  be  placed  side  by  side  with  arts  students  in  Eng- 
lish and  be  equally  successful  with  them,  and  that  there  is  too 
much  jealousy  in  our  faculties.  At  the  University  of  Missouri 
we  are  fortunate  in  having  the  most  cordial  relations  between 
the  professors  of  English,  with  their  subordinates,  and  the 
faculty  of  the  School  of  Engineering.  In  fact,  at  the  present 
time  they  are  members  of  the  faculty  of  Engineering.  They 
meet  with  us  for  the  discussion  of  English  and  we  are  all  in 
the  heartiest  accord. 

(2)  I  believe  that  English  is  not  only  a  means  for  engineers 
to  express  themselves  in  engineering  reports,  but  it  is  also  a 
means  for  engineers,  as  members  of  a  profession,  to  take  their 
stand  with  the  members  of  other  professions  as  cultured  men 
of  the  world.  We  all,  and  our  students  especially,  need  a 
training  in  English  as  a  means  to  this  end. 

(3)  Last  year  our  engineering  faculty  passed  a  resolution 
that  right  through  the  engineering  course,  up  to  the  time  of 
graduation,  any  student,  who  shows  in  his  written  reports 
that  he  is  deficient  in  English,  is  to  be  reported  to  the  dean. 
The  dean  confers  with  the  department  of  English  as  to  what 
further  need  there  is  for  instruction  of  that  particular  stu- 
dent in  English.  He  may  be  required  to  take  more  English, 
even  though  he  be  a  senior. 

(4)  The  University  of  Missouri  has  abolished  entrance 
direct  from  high  school  to  the  School  of  Engineering,  and 
requires  two  years'  preparation  in  a  college  of  arts  and 
sciences.  We  believe,  therefore,  that  the  matter  of  English 
will  take  care  of  itself  very  largely ;  that  it  will  be  much  better 
handled  than  in  the  past,  because  the  students  will  come  to  us 
after  two  college  years  under  the  strict  supervision  of  those 
who  are  interested  in  good  English. 

Mr.  H.  A.  Gehring :  I  would  like  to  ask  if  any  of  our  engi- 
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neering  schools,  or  college  of  liberal  arts  has  adopted  the 
phonetic  or  simplified  spelling.  It  seems  to  me  that  in  con- 
nection with  a  consideration  of  teaching  the  student  to  ex- 
press exactly  what  he  sees  and  knows,  there  should  be  some 
discussion  as  to  the  advisability  of  spelling  words  as  they 
sound. 

Professor  J.  J.  Flather:  Mr.  President,  from  my  experi- 
ence, I  conclude  that  most  young  men  do  spell  phonetically. 

Professor  Ra^Tnond  makes  a  very  terse  remark  to  the  effect 
that  "the  language  code,  that  is,  spelling  and  grammar,  are 
hardly  to  be  taught  in  either  case,  but  are  to  be  mastered  with 
the  development  of  knowledge  and  judgment  and  the  spirit  of 
good  workmanship."  "We  should  not  be  expected  to  teach 
spelling  and  punctuation  in  our  engineering  classes.  It  is  a 
matter  that  must  be  taught  better  in  the  preparatory  schools, 
and  then  additional  efficiency  and  proficiency  must  come  from 
the  written  exercises  as  they  may  be  given  in  the  college.  I 
appreciate  the  additional  papers  on  this  subject.  "We,  as  engi- 
neering teachers,  must  give  more  attention  to  the  teaching  of 
English.  There  is  a  reproach  attached  to  our  engineering 
graduates,  largely  because  they  cannot  express  themselves 
properly  in  a  written  document.  I  remember  that,  over  fif- 
teen years  ago,  a  request  came  to  us  for  a  graduate  of  the 
mechanical  engineering  department.  The  only  limitation  im- 
posed by  that  request  was  that  the  applicant  should  be  able  to 
write  English  correctly.  The  position  was  that  of  assistant  to 
the  works  manager  who  wanted  a  man  that  could  express 
himself  properly  in  English.  There  were  twenty-six  men  who 
graduated  that  year  but  I  could  not  recommend  any  one  for 
the  position.  Conditions  are  improving.  It  used  to  be  that 
one  hour  a  week  for  a  year  was  devoted  to  the  study  of 
rhetoric ;  now  at  the  University  of  Minnesota  we  are  giving 
four  hours  a  week  for  a  year  to  the  study  of  English.  I  like 
Professor  Raymond's  suggestion  that  it  would  be  a  very  good 
plan  to  have  one  term  in  the  junior  or  senior  year  supplement- 
ing that.  After  a  man  has  acquired  a  technical  vocabulary  and 
has  absorbed  a  mass  of  general  knowledge,  articulation  with 
the  English  teachers  would  be  verv  beneficial. 
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It  is  a  part  of  my  duty  to  teach  Contracts  and  Specifica- 
tions to  all  the  senior  engineering  students.  In  this  the  men 
present  contracts  and  specifications  covering  the  work  in 
hand.  Many  of  the  clauses  in  these  specifications  are  ambig- 
uous or  may  be  interpreted  in  two  waj's.  The  English  is  poor 
and  the  sentences  lack  conciseness.  I  have  often  thought  that 
it  would  be  a  good  plan  to  co-operate  with  the  English  de- 
partment in  this  work.  A  closer  articulation  with  the  English 
department  in  several  lines  where  written  exercises  are  re- 
quired, would  be  beneficial.  "We  teachers  of  engineering 
should  not  be  satisfied  with  simply  teaching  engineering  sub- 
jects, but  we  should  co-operate  with  the  English  department 
in  training  men  to  use  language  correctly;  to  express  them- 
selves intelligently;  and  to  present  a  report  or  draw  up  a 
specification  which  will  indicate  that  the  writer  is  a  man  of 
education.  This  may  be  done  by  having  the  English  taught 
in  the  academic  department,  or  by  having  the  academic  de- 
partment set  aside  men  to  teach  the  engineering  students ;  or 
the  engineering  college  may  have  its  own  instructors  in  Eng- 
lish. That  is  a  matter  of  detail.  In  the  University  of  Minne- 
sota the  English  department  delegates  its  teachers  to  the 
engineering  college  and  there  is  a  close  co-operation.  Our 
students  are  admitted  to  the  College  of  Engineering  on  cer- 
tificate in  all  subjects  except  mathematics  and  English. 
"Within  the  last  two  years  the  faculty  has  passed  a  rule  that 
every  applicant  for  admission  to  the  engineering  school  must 
pass  a  satisfactory  examination  in  English,  and  if  he  cannot 
do  that,  even  though  he  may  be  proficient  in  all  other  sub- 
jects, he  must  go  back  and  take  additional  work  in  English 
before  he  can  enter  the  engineering  college. 

Professor  J.  C.  Tracy :  I  agree  with  Professor  Flather  that 
one  of  the  most  important  things  to  be  considered  in  this 
matter  is  co-operation  between  the  instructors  in  engineering 
and  in  English.  An  experiment  that  has  been  tried  in  the 
teaching  of  English  in  the  SheflSeld  Scientific  School  is  this: 
At  the  beginning  of  the  second  year  the  student  reports  to  his 
professor  in  engineering  for  the  assignment  of  a  subject  of 
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a  composition.  After  informing  himself  upon  the  subject 
and  preparing  an  outline  he  reports  to  the  instructor  in  Eng- 
lish for  a  criticism  of  the  outline.  Next,  he  writes  his  theme 
and  submits  it  to  the  instructor  in  English  for  criticism. 
Finallv  the  composition  is  submitted  to  the  instructor  in  engi- 
neering for  criticism  from  an  engineering  point  of  view.  The 
best  of  the  themes  are  filed  for  future  reference,  and  the  very 
best  ones  are  either  read  before  the  student  engineering 
society  or  published  in  the  engineering  papers. 

Professor  C.  M.  Young:  We  need  co-operation  not  only  in 
written  work  but  in  oral  recitation  work,  for  the  reason  that  the 
student  needs  not  only  ability  to  transcribe  into  formal  writ- 
ten English,  matters  which  he  has  first  thought  out  roughly, 
but  to  think  accurately  and  properly  in  the  first  place.  That 
is,  he  should  be  able  to  produce  at  first  writing  what  is  prac- 
tically his  finished  report,  with  such  corrections  as  may  after- 
wards be  desirable,  and  it  ought  not  to  be  necessary  for  him  to 
transcribe  it  from  poor  into  good  English,  In  order  to  attain 
this  end  we  must  create  a  habit  of  the  use  of  good  language. 
It  is  unfortunately  necessary  to  combat  in  the  schools  the  lack 
of  good  language  training  ia  the  home.  The  language  which 
one  learns  in  his  home  and  among  his  associates  is  that  which 
almost  always  becomes  his  natural  language  through  life. 
Therefore  it  is  all  the  more  necessary  that  we  daily,  in  associa- 
tion with  students,  insist  that  they  use  proper  language,  I 
use  the  expression  "proper  language,"  meaning  simply,  cor- 
rect, suitable.  "When  the  students  leave  school  they  will  not 
be  instructed  in  the  use  of  language  but  their  training  and 
ability  will  be  judged  by  their  reports,  and  these  will  not  be 
sent  back  to  them  for  correction.  "While  we  have  the  men  in 
school  we  can,  to  a  very  large  extent,  help  them  to  use  lan- 
guage to  impart  their  own  thought  and  to  give  good  impres- 
sions of  their  ability. 

Professor  Wm.  T.  Magruder:  I  can  not  agree  with  the 
statement  that  we  can  not  teach  spelling  and  grammar  in  our 
engineering  courses  in  college.  In  my  opinion,  it  is  our  duty 
to  do  so.    Engineering  professors  err  when  they  accept  reports 
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which  are  full  of  poor  spelling,  bad  rhetoric,  and  worse  com- 
position, and  pass  such  work  as  acceptable  towards  graduation 
in  engineering.  I  dislike  the  idea  of  a  double  standard  in 
English  for  engineering  and  academic  students. 

The  attention  of  the  Society  is  desired  to  three  pieces  of 
educational  practice  which  have  been  going  on  for  a  number 
of  years,  and  which  have  been  proved  to  be  eminently  satis- 
factory and  worthy  of  careful  consideration  for  adoption  at 
other  engineering  colleges.  One  of  these  is  at  Northwestern 
University,  where  all  freshmen  are  tested  in  both  spelling  and 
punctuation  about  ten  days  after  entering  college.  Those 
found  to  be  seriously  deficient  are  required  to  enter  a  sub- 
freslunan  class  which  meets  once  a  week,  and  to  remain  there 
until  they  show  a  marked  improvement  at  the  monthly  writ- 
ten test.  Thus  the  class  gradually  grows  smaller  until  there 
is  a  one  per  cent,  remainder  that  seems  actually  unable  to 
learn  to  spell.  No  credit  is  given  for  freshman  work  in  Eng- 
lish unless  the  deficient  student  has  attended  the  elementary 
class  regularly.  Professor  J.  Scott  Clark  states  that  ''about 
sixty  per  cent,  of  the  graduates  of  our  best  secondary  schools 
are  seriously  deficient  in  spelling  or  punctuation  or  both. ' ' 

The  second  instance  is  at  the  Kansas  State  Agricultural 
College,  where  they  have  revived  the  "spelling  bee,"  and 
offer  each  year  a  silver  loving  cup,  to  be  competed  for  by  the 
members  of  the  literary  societies,  and  to  be  awarded  to  the 
society  proving  itself  the  champion.  A  marked  improvement 
has  been  noticed  in  the  spelling,  not  only  of  the  competing 
students,  but  also  of  the  rest  of  the  student-body,  apparently 
as  a  result  of  their  attention  having  been  called  to  the  matter 
of  accurate  spelling.  Professor  Lewis  H.  Beall  is  compiling 
a  spelling  manual  which  ^vill  contain  about  three  thousand 
words  which  are  frequently  misspelled  and  which  observation 
shows  that  high  school  and  college  students  need  to  learn  how 
to  spell. 

The  third  case  is  at  the  University  of  Colorado  where  a  cer- 
tain amount  of  summer  work  in  the  reading  of  high  class 
English  literature  in  science,  history,  poetry,  drama  and  fie- 
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tion  is  required.  After  a  young  man  has  read  books  of  the 
kinds  specified,  he  has  obtained  visual  pictures  of  a  larger 
vocabulary  than  he  had  before,  and  hence  has  a  broader  train- 
ing in  English. 

I  desire  to  emphasize  the  statement  that  a  student's  train- 
ing in  accuracy  for  his  engineering  professional  work  should 
begin  in  the  grammar  school  with  an  accurate  study  of  words 
and  sentences,  and  should  be  continued  through  his  high 
school  and  college  courses. 

Professor  Flather:  I  agree  with  Professor  Magruder  in 
that  I  believe  a  technical  instructor  is  at  fault  if  he  does  not 
correct  every  error  he  finds.  But  when  a  boy  reaches  eighteen 
or  twenty  years  of  age  without  having  learned  to  spell,  then 
we  cannot  make  a  good  speller  of  him.  We  can  and  do  im- 
prove him.  "We  make  some  progress;  but  I  have  yet  to  find 
a  man  who  has  become  a  good  speller  under  the  influence  of 
the  instruction  in  the  engineering  college. 

Professor  Magruder:  Statistics  of  Northwestern  Univer- 
sity deny  that  statement. 

Mr.  Kent:  In  a  paper*  presented  a  few  years  ago  I  showed 
that  two-thirds  of  the  errors  in  spelling  can  be  eliminated 
during  the  freshman  year,  that  is,  one  hour  a  week  with  the 
freshmen  for  a  year  removed  two-thirds  of  the  spelling 
errors,  I  know  boys  that  used  to  be  poor  spellers  that  are 
now  good  spellers.  Spelling  can  be  taught  in  the  technical 
school. 

Dean  G.  0.  Anthony:  Professor  Earle  states  in  this  paper 
that  the  teachers  of  English  in  technical  schools  should  be 
engineers.  I  used  to  believe  this  as  well  as  that  teachers  of 
mathematics  in  engineering  schools  should  be  engineers.  I  do 
not  believe  now  that  it  is  at  all  necessary.  The  English  faculty 
in  the  engineering  department  of  Tufts  College  is  organized 
with  Professor  Earle  at  the  head.  He  is  a  man  who  took  his 
master's  degree  in  English  and  specialized  in  Anglo-Saxon. 
It  was  his  desire  to  teach  the  latter  when  he  came  to  Tufts 

*  Proc.  S.  P.  E.  E.,  Vol.  XVI,  pp.  74-82. 
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College,  but  he  was  disappointed  in  this  desire  and  was 
obliged  to  teach  a  variety  of  things.  Finally  I  asked  him  to 
take  up  this  work,  because  he  had  those  characteristics  which 
enabled  him  to  get  in  touch  with  other  departments  and  he 
succeeded  in  his  work  because  of  this  spirit  of  co-operation. 
Of  the  other  two  men  in  the  department,  one  had  made  a 
specialty  of  the  drama;  the  other  one  was  prepared  particu- 
larly to  teach  English  in  the  secondary  schools.  Those  men 
work  together  as  a  unit  with  the  engineering  school.  And  I 
believe  the  success  of  the  work  is  due  to  this  and  not  to  the 
fact  that  the  teachers  are  specially  prepared  to  give  this  par- 
ticular kind  of  instruction. 

I  have  during  the  past  year  on  one  or  two  occasions  said 
something  about  the  importance  of  English  to  students.  The 
attitude  of  the  students  toward  it  is  as  if  they  would  say,  "Of 
course  English  and  mathematics  are  important."  There  have 
been  many  times  when  I  have  had  to  defend  English.  But  I 
do  not  have  to  do  that  with  the  engineers.  They  elect  it  in 
their  junior  courses  and  afterwards  in  their  senior  years. 

Professor  Magruder  (by  letter)  :  I  wish  to  call  attention 
to  a  recent  issue  of  Science,*  in  which  Professor  James  R. 
Angell  of  The  University  of  Chicago  calls  attention  to  the  fact 
that,  of  the  fifteen  units  required  for  admission,  a  student 
must  present  three  units  in  English,  seven  units  in  one  or 
more  of  five  groups  (ancient  languages,  modern  languages 
other  than  English,  history,  mathematics,  and  science),  and 
five  units  in  any  subjects  for  which  credit  towards  graduation 
is  given  by  the  approved  school  from  which  the  student  re- 
ceives his  diploma ;  Professor  Angell  calls  particular  attention 
to  the  fact  that  a  student  need  not  have  taken  work  in  three 
of  the  five  groups  above  named,  provided  he  has  enough  work 
in  the  other  two  groups,  and  that  the  contents  of  the  five 
remaining  units  are  left  entirely  to  the  secondary  schools. 
Entrance  on  these  conditions  is  confined  to  approved  sec- 
ondary schools  which  can  be  depended  upon  to  graduate  no 
boy  who  has  followed  a  freak  course  of  only  languages,  or  one 
of  only  English,  mathematics  and  the  sciences,  and  who  has 

*  X.  S.,  Tol.  XXXin,  No.  860,  June  23,  1911,  p.  945. 
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omitted  all  other  humanizing  subjects.  The  requirement  of 
The  University  of  Chicago  that  "there  will  be  no  admissions 
■vnth  condition  under  the  new  plan"  is  one  which  the  engi- 
neering colleges  might  weU  consider. 

Professor  W.  A.  Hillebrand  (by  letter)  :  The  importance 
to  any  man  of  being  able  to  express  his  ideas  in  clear  and 
forceful  language  is  not  a  question  for  argument,  and  yet  I 
am.  in  general,  opposed  to  formal  instruction  in  English  for 
students  in  engineering.  In  the  first  place,  it  is  true  of  pro- 
fessional students  in  general,  that,  as  a  body,  they  object  to 
taking  work  outside  of  their  own  or  allied  departments.  Re- 
grettable as  this  spirit  may  be,  it  is  nevertheless  a  factor  to 
be  reckoned  with  in  any  organization  aiming  to  produce  re- 
sults and  not  merely  to  go  through  the  forms.  In  the  sec- 
ond place,  the  teachers  of  the  various  prescribed  subjects  in 
the  professional  course  have  it  in  their  power  to  insist  upon 
habits  of  clear  thinking  and  expression  with  an  effectiveness 
which  is  denied  to  the  teacher  of  formal  English  whose  stu- 
dents come  to  him  under  protest,  with  a  feeling  that  they  are 
being  imposed  upon  in  being  forced  to  devote  time  to  some- 
thing which  has  no  part  in  their  purpose  in  coming  to  col- 
lege. Mere  continuance  in  formal  instruction  to  people  who 
for  twelve  years  have  been  reared  on  such  a  diet  is  not  so  im- 
portant as  it  is  to  insist  that  they  maintain  the  standard  in 
English  of  which  they  are  capable  on  entering  the  university. 

At  Stanford  our  freshmen  come  to  us  able  to  express  them- 
selves in  a  clear,  straightforward  manner,  but  also  thoroughly 
imbued  with  the  notion  that  the  exercise  of  such  ability  is  not 
called  for  in  their  profession,  with  the  result  that  their  first 
reports  are  often  loosely  and  carelessly  written.  After  they 
realize  that  such  work  is  not  tolerated,  and  after  being 
obliged  to  rewrite,  a  marked  improvement  follows.  The 
same  is  even  more  true  of  the  students  who  enter  our  courses 
in  the  middle  of  the  junior  year,  after  having  relaxed  for 
five  semesters.  In  most  technical  schools  the  students  in 
electrical  and  mechanical  engineering,  during  two  or  some- 
times three  semesters  of  their  course,  submit  from  two  to 
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three  reports  a  week,  in  the  preparation  of  which  exceptional 
opportunity  is  offered  for  training  in  clearness  of  thought 
and  expression,  the  very  end  that  is  sought  through  the 
formal  teaching  of  English.  Each  of  these  reports  should  be 
scrutinized  as  closely  and  criticised  as  rigorously  for  its  ar- 
rangement, expresson,  grammar  and  spelling  as  for  its  tech- 
nical features.  It  may  be  objected  that  the  report  readers 
lack  time  to  do  thoroughly  all  of  these  things.  Is  it  not  hypo- 
critical then,  for  the  teacher  of  engineering  to  require  his 
student  to  devote  time  to  the  study  of  English  composition, 
for  the  reason  that  facility  in  the  use  of  the  language  is  es- 
sential to  success  in  his  profession,  while  the  teacher  or  his 
subordinates  will  accept,  in  so  far  as  English  is  concerned, 
anything  which  the  student  chooses  to  hand  in?  For  in- 
stance, I  know  of  one  technical  school  of  high  standing 
wherein  enthusiasm  for  breadth  of  training  has  extended  the 
prescribed  course  to  five  years.  Yet  one  of  their  instructors 
who  has  a  great  deal  of  report  reading  to  do,  tells  me  that  in 
the  majority  of  cases  he  has  not  time  to  read  the  body  of  a 
report  but  is  forced  to  confine  his  examination  to  the  log 
sheet,  curves  and  computations.  Another  department,  simi- 
larly inspired,  was  ready  to  accept  a  thesis  of  over  a  hundred 
pages,  so  poorly  written  that  an  acquaintance  by  whom  it  had 
been  examined,  said  he  would  be  ashamed  to  put  his  name 
thereto. 

If  the  proper  use  of  English  is  an  essential  asset  of  the 
citizen  and  professional  man,  we  have  it  in  our  power  to 
materially  forward  the  good  work  by  making  it  equally  es- 
sential to  success  in  his  college  career. 

Mr.  H.  A.  Gehring  (by  letter)  :  The  best  method  of  teaching 
English  to  future  engineers  or  to  anyone  else,  is  so  wholly  a 
function  of  time,  with  all  that  time  implies,  that  we  need  not 
be  discouraged  if  no  uniformity  of  opinion  is  expressed  on 
this  subject,  or  if  no  general  scheme  is  adopted.  So  diversi- 
fied are  the  conditions  at  our  various  engineering  schools,  so 
potent  are  the  factors  of  the  age,  location  and  prestige  of  the 
institution  and  the  past  growth  by  which  each  present  rela- 
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tionship  of  English  to  the  curriculum  has  been  attained,  and 
so  heterogeneous  are  the  mental  make-up  of  the  students  and 
their  adaptability  toward  proficiencv  in  English,  that  no  two 
schools  would  develop  their  best  efficiency  under  a  common 
code.  For  these  reasons  the  ultimate  methods  of  dealing  with 
English  must  of  necessity  be  determined  separately  by  each 
school,  even  by  each  professor,  and  again  in  the  last  analysis 
in  reference  to  each  individual  student  or  group  of  students 
of  approximately  similar  qualifications. 

If  I  have  rightly  interpreted  the  papers  read  before  this 
Society  on  the  subject  in  question,  together  with  the  valuable 
discussions  on  the  same,  I  conclude  that  none  of  the  writers 
has  claimed  to  offer  a  specific,  appreciating  the  impractica- 
bility of  such  a  thing.  Each  writer  has  told  of  his  own  ex- 
periences and  results,  and  if  these  could  be  plotted  on  cross- 
section  paper  and  a  probable  prognostication  curve  deduced, 
this  curve  would  reflect  the  results  which  he  hoped  to  attain 
by  his  suggestions  for  the  future.  If  your  experience-result 
curve  were  plotted  on  paper,  would  his  probable  future  ex- 
tension fit  your  curve?  If  so,  you  would  doubtless  incorpo- 
rate his  experience  and  suggestions  into  your  own ;  if  not,  the 
adoption  of  his  suggestions  would  not  meet  your  conditions 
and  your  result  would  not  be  as  substantial  as  it  should  be 
after  a  year  of  trial  and  effort. 

I  want  to  emphasize  strongly  one  point  on  which  I  do  not 
think  that  enough  has  been  said,  and  which  seems  to  me  to  be 
of  fundamental  importance  and  indeed  the  first  and  most  log- 
ical step  that  should  be  taken.  If  the  student  is  to  use  good 
English  it  is  imperative  that  he  be  continuously  in  an  atmos- 
phere of  good  English  while  he  is  acquiring  the  habit.  TVe 
can  not  assure  for  him  that  atmosphere  before  he  reaches  our 
engineering  schools,  whatever  conditions  we  impose  upon  our 
secondary  schools  in  the  matter  of  teaching  methods,  but  we 
can  insist  on  having  in  our  engineering  schools  professors  and 
instructors  who  themselves  wiU  be  continuous  examples  of  the 
proper  use  of  the  English  language.  To  require  reasonable 
proficiency  in  English  of  our  faculties  is  to  establish  a  proced- 
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ure  which  no  extent  of  time  will  ever  cause  to  be  changed. 
Hence  this  should  be  the  first  step  toward  teaching  English  in 
technical  schools,  since  what  the  student  most  needs  is  the  con- 
stant association  with  a  faculty  of  men  themselves  proficient  in 
the  English  language.  Then,  whether  in  recitations,  or  in  writ- 
ten papers,  or  in  oral  presentations,  the  student  knows  that  his 
use  of  English  is  being  observed  and  that  his  work  will  be 
rated  accordingly.  Daily  contact  with  users  of  good  English 
is  a  more  potent  educational  factor  than  a  first-class  English 
course  not  backed  up  by  a  proficient  English-speaking  faculty, 
and  such  daily  contact  with  proficient  men  is  the  only  train- 
ing which  a  student  should  need  and  receive  when  he  has  ad- 
vanced to  the  grade  of  a  technical  school. 

Most  of  the  suggestions  made  by  previous  writers  have  been 
toward  securing  a  first-class  course  or  method  in  English :  my 
suggestion  is  to  insist  on  a  first-class  English-speaking  faculty 
and  then  to  let  the  course  take  care  of  itself.  This  suggestion 
seems  to  be  in  accord  with  the  views  of  ^Ir.  Hamerschlag,  who 
says :  "  In  my  judgment,  English  training  does  not  belong  in 
the  school  of  engineering.  It  belongs  to  the  secondary 
schools, ' '  to  which  I  would  add  ' '  except  in  as  far  as  it  results 
from  daily  contact  with  an  engineering  faculty  in  which  every 
man  by  his  own  example  can  stimulate  in  the  student  a  de- 
sire to  speak  good  English,  write  good  English  and  read  good 
English,"  which  Mr.  Hamerschlag  doubtless  implies. 

That  there  are  big  objections  to  the  adoption  of  my  sugges- 
tion, is  as  evident  to  the  writer  as  to  the  reader.  Personally  I 
do  not  think  that  the  present  conditions  warrant  the  introduc- 
tion of  an  English  course  into  our  technical  schools,  nor  of  a 
housecleaning  amongst  the  faculty  to  weed  out  those  who  may 
be  more  or  less  deficient  in  English  while  exceedingly  pro- 
ficient in  their  branch  of  engineering.  That  the  ability  to 
speak  and  write  English  correctly  is  an  asset,  no  one  will  deny. 
If  some  active  steps  toward  providing  this  ability  are  inevit- 
able in  our  technical  schools,  I  maintain  that  more  real  and 
genuine  good  will  be  accomplished  by  keeping  the  student  in 
an  atmosphere  of  good  English  for  four  years,  than  by  teach- 
ing him  English  according  to  some  prescribed  course. 
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A  systematic  course  of  lectures  before  the  engineering  stu- 
dents either  by  their  own  faculty,  or  by  members  of  the  fac- 
ulty of  Arts  or  by  outsiders,  should  prove  of  great  value  in 
teaching  students  to  observe  and  appreciate  good  English. 

Mr.  Harwood  Frost  (by  letter)  :  In  offering  any  discus- 
sion on  the  papers  of  Professors  Earle  and  Raymond,  I  am 
actuated  by  a  personal  interest  in  the  subject  of  technical 
English,  but  I  can  not  speak  as  one  who  has  had  to  face  the 
difficulties  of  teaching  the  subject  in  the  class-room. 

From  Professor  Earle 's  paper,  I  draw  the  conclusion  that 
the  object  of  the  course  in  engineering  English,  as  conducted 
by  him.  is  to  develop  in  the  student  the  ability  to  think  clearly 
and  to  express  his  thoughts  and  actions,  and  his  descriptions 
of  objects,  both  orally  and  in  writing,  in  language  that  will 
convey  his  meaning  correctly  to  others.  If,  as  James  Russell 
LoweU  says :  ' '  Thinking  is  the  highest  aim  of  all  education, ' ' 
Professor  Earle  *s  object  is  fuUy  justified. 

The  main  difficulties  in  the  attainment  of  this  object  lie  in 
the  student's  lack  of  appreciation  of  the  importance  of  his 
English  studies  and  in  the  lack  of  harmony  between  the  purely 
technical,  and  what  might  be  called  the  cultural,  departments 
of  the  institution.  In  a  letter  I  received  recently  from  the 
dean  of  one  of  our  largest  engineering  schools,  he  says :  ' '  One 
of  the  most  perplexing  problems  among  our  universities  at 
present  is  getting  any  sort  of  connection  or  sympathy  between 
the  English  departments  and  the  engineering  schools. ' '  This 
must  certainly  be  so  if  the  teaching  of  English  to  engineering 
students  is  left  to  an  English  department  conducted  by  non- 
technical instructors.  I  know  that  this  lack  of  harmony,  in 
some  schools,  extends  to  the  degree  of  greatly  lowering  the 
standing  of  the  English  departments  in  the  opinion  of  the 
students,  and  with  this  comes  a  certain  contempt  for  both  the 
instruction  and  the  instructors.  It  is  there,  although  the  re- 
lations between  the  students  and  their  instructors  do  not  per- 
mit the  student  to  show  it.  He  is  in  the  iK)sition  of  the  witness 
who  was  accused  by  the  judge  of  showing  his  contempt  of  the 
court.  "'So,  your  Honor,''  he  replied,  "I  am  trying  my  best 
to  conceal  it." 
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The  student  comes  to  college  from  some  school  where  the 
teaching  of  English  in  one  way  or  another  has  been  inflicted 
upon  him  for  years,  and  he  thinks  he  should  be  through  with 
it.  He  goes  to  college  to  study  "engineering."  A  prime 
requisite,  therefore,  it  would  seem  to  me,  would  be  to  show  the 
student,  as  early  in  his  course  as  possible,  that  English,  as  it 
is  to  be  taught  him,  is  a  part  of  his  necessary  engineering  edu- 
cation, and  thus  to  cultivate  a  respect  for  the  course,  and  an 
interest  in  the  work,  which  will,  in  turn,  create  an  ambition 
to  do  as  well  in  that  study  as  in  surveying  or  testing  of  ma- 
terials. 

This  must,  of  course,  be  backed  by  the  actual  fact  that 
English  is  a  part  of  the  engineering  instruction,  and  while 
Professor  Earle  says  nothing  in  regard  to  the  cultivation  of  a 
proper  respect  for  the  course,  he  seems  to  have  solved  the 
problem  of  a  connection  between  the  English  and  the  engi- 
neering departments,  to  a  great  extent,  at  least,  by  a  system 
of  co-operation  that  injects  the  study  of  English  into  the  vari- 
ous technical  courses,  and  by  a  consideration  of  the  efficiency 
of  the  English  instructor.  This  co-operation,  as  Professor 
Earle  says,  has  numerous  and  very  important  possibilities, 
and  suggests  the  question  whether  a  system  of  co-operation 
could  not  be  developed  to  reach  beyond  the  limits  of  a  single 
institution. 

As  to  efficiency  of  the  instructors  in  English,  there  is  no 
doubt  that  this  is  too  little  considered  by  many  schools.  That 
anybody  can  teach  English,  is  a  general  idea,  but  it  takes  a 
man  with  a  special  training  to  teach  railway  engineering,  for 
instance.  Therefore,  a  cheap  person — the  second  cousin  of  a 
trustee,  perhaps— is  hired  for  the  job,  at  a  small  salary.  The 
fact  is,  the  mere  teaching  of  rhetoric  from  a  book,  and  the 
writing  and  correcting  of  "themes"  is  not  teaching  engineer- 
ing English.  When  a  technical  journal  hires  an  editor,  to  a 
certain  extent  it  hires  a  man  who  should  be  teaching  English 
and  technical  writing  to  students  of  engineering.  If  the 
standard  of  efficiency  were  more  like  that  of  the  technical 
editor,  and  the  pay  was  in  proportion  to  the  requirements, 
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teachers  of  ability  could  be  obtained,  who  would  make  the 
course  an  actual  feature  of  the  student's  engineering  educa- 
tion, and  not  merely  an  appendage  that  has  to  fight  for  a  posi- 
tion in  the  curriculum  amounting  to  about  three  hours  a  week. 

A  point  of  importance  brought  out  by  Professor  Earle, 
that  is  too  often  overlooked,  and  which  supports  the  necessity 
for  efficiency,  is  the  fact  that  every  teacher  is,  in  a  way,  a 
teacher  of  English ;  that  no  teacher  in  the  institution  can  help 
exerting  some  influence,  good  or  bad,  over  the  student's  use  of 
his  native  tongue ;  that  the  training  that  the  student  gets  de- 
pends not  upon  the  teaching  of  English  alone,  but  upon  the 
general  attitude  of  the  faculty  toward  the  subject.  This  is  so 
evidently  true  that  no  comment  is  necessary. 

I  hesitate  to  venture  any  criticism  of  Professor  Earle 's 
paper,  but  there  are  a  few  points  omitted  that  I,  for  one,  would 
be  interested  to  hear  about.  I  would  like  to  know  if  any 
special  attention  is  given  in  his  course  to  the  study  of  words 
and  their  use  and  abuse,  to  the  extension  of  the  student's 
working  vocabulary,  to  the  cultivation  of  his  powers  of  ob- 
servation, to  his  improvement  in  general  conversation,  to  the 
cultivation  of  some  system  of  methodical  study,  to  the  de- 
velopment of  concentration,  to  improving  his  methods  of 
reading,  to  judging  and  criticizing  the  literary*  works  of 
others,  and  a  few  kindred  matters,  all  of  which  I  consider 
should  be  included  in  a  complete  course  of  engineering  Eng- 
lish and  technical  writing. 

Some  of  these  matters  are  taken  up  in  Professor  Ra^Tuond's 
paper,  which  I  have  read  only  in  an  incomplete  summary. 
From  that  reading,  I  would  judge  that  Professor  Raymond 
gives  early  attention  to  the  elements  of  language  and  to  words 
and  their  proper  meanings.  Nothing  could  be  more  important 
that  this  as  the  basis  of  the  study  of  technical  writing,  in 
which  accuracy  of  description  and  sentiment  is  so  essential. 
This  is  evident  from  an  inspection  of  the  most  casual  writings 
of  technical  graduates,  very  few  of  which  could  be  reproduced 
in  a  high-class  literary  journal  without  considerable  editing 
of  a  very  elementarj^  nature.     The  ignorance  of  many  gradu- 
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ates  of  the  correct  use  of  words  is  also  noticeable  in  specifica- 
tions and  correspondence,  as  well  as  in  ordinary  conversation. 
In  two  printed  sets  of  specifications  that  came  to  my  notice, 
and  which  were  written  presumably  by  engineers,  were  the 
expressions  "demoralized  rock"  and  "wholesome  earth,"  and 
a  certain  well-known  engineer  and  employer  of  labor  told  me 
of  an  applicant  for  the  position  of  foreman  who  claimed  that 
he  had  an  "abdominal  will."  As  to  the  profit  of  this  study, 
an  English  writer  has  said:  "In  a  language  like  ours,  where 
so  many  words  are  derived  from  other  languages,  there  are 
few  modes  of  instruction  more  useful  than  that  of  accustoming 
young  people  to  seek  for  the  etymology  or  primary  meaning 
of  the  words  they  use.  There  are  cases  in  which  more  knowl- 
edge of  more  value  may  be  conveyed  by  the  history  of  a  word 
than  by  the  history  of  a  campaign."  If  this  is  true  of  ordi- 
nary words,  it  is  even  more  true  when  applied  to  technical 
terms. 

Professor  Eaymond  goes  on  to  say  that  the  best  basis  for 
organizing  the  study  and  practice  of  written  composition 
seems  to  be  that  of  purpose.  This  but  follows  out  the  general 
principle  that  the  first  essential  to  success  in  any  work  is  an 
aim  or  motive ;  and  this  early  institution  of  a  worthy  purpose 
in  the  study  of  English  should  do  much  towards  meeting  one 
of  the  main  difficulties  in  making  the  student  think  for  him- 
self— that  of  overcoming  his  lack  of  appreciation  of  the  im- 
portance of  his  English  studies. 

Professor  RajTuond  also  gives  attention  to  observation. 
This  I  would  consider  a  very  important  element  in  teaching 
English.  No  one  can  advance  in  learning  without  some  culti- 
vation of  his  powers  of  observation.  Everybody  has  this  fac- 
ulty to  a  certain  degree  as  it  is  through  it  that  the  infant  ob- 
tains his  first  knowledge  of  things.  In  its  strictest  sense,  ob- 
servation does  not  necessitate  any  reasonings  of  the  mind,  or 
drawing  of  conclusions  from  what  is  observed,  but  as  it  is 
hardly  possible  for  any  thinking  man  to  come  into  contact 
with  a  new  idea  without  making  some  swift  mental  reflection 
upon  it.  Professor  Raymond's  system  of  "Technical  Reports" 
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would  seem  not  only  to  aid  the  faculty  of  observation,  but  also 
to  reduce  these  involuntary  mental  reflections  to  definite  form, 
from  which  the  student  can  ultimately  derive  considerable 
profit.  Without  some  such  compulsory  and  properly  guided 
stimulus,  the  student  is  much  like  the  man,  who  had  eyes 
but  saw  not,  who  had  ears  but  heard  not.  The  prepara- 
tion of  these  reports  would  also  seem  to  lead  to  concentration 
of  thought,  so  necessary  to  the  engineer,  and  to  the  cultivation 
of  judgment  of  value  and  criticism  of  literary  works,  on  the 
part  of  the  student,  that  will  be  of  benefit  to  him  throughout 
his  entire  professional  life. 

Professor  Felix  E.  Schelling  (by  letter)  :  The  most  strik- 
ing thing  in  Professor  Earle's  able  paper  is  his  substantial 
agreement  with  what  I  should  consider  the  best  usages  in 
the  teaching  of  English  now  in  vogue  in  our  better  colleges. 
As  a  matter  of  fact  we  have  been  doing  most  of  the  things 
which  Professor  Earle  suggests  here  at  Pennsylvania  for 
many  years,  but  have  not  been  aware  that  we  were  doing  any- 
thing at  all  extraordinary.  It  strikes  me,  however,  that  Pro- 
fessor Earle's  impressions  of  the  state  of  English  elsewhere 
are  certainly  not  quite  those  which  experience  seems  wholly 
to  warrant.  For  example,  I  do  not  know  where  there  is  any- 
one who  holds  that  English  "is  the  last  bit  of  salvage  from 
the  arts  course  remaining  in  the  engineering  school  and  .  .  . 
the  only  means  of  true  culture  in  a  curriculum  otherwise 
hopelessly  practical."  There  may  be  people  who  believe  such 
things ;  I  have  not  met  them.  Again,  I  do  not  find  it  a  matter 
of  great  novelty  that  students  of  English  should  be  required 
to  "put  their  ideas  into  exact  language,"  that  they  should 
"reason  on  things  without  the  objects  present  to  suggest, 
guide,  or  correct  them, ' '  that  they  should  be  taught  that  there 
are  various  kinds  of  discourses  adapted  to  different  purposes 
and  to  different  sorts  of  minds,  and  that  they  should  be  taught 
how  to  treat  subjects  "completely  and  accurately."  These 
seem,  all  of  them,  to  be  the  very  bones  and  sinews  of  any 
rational  teaching  of  the  subject.  In  looking  through  this 
paper  with  a  genuine  desire  to  profit  by  the  experience  of  one 
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who  is  SO  devoted  to  his  work,  I  am  glad  to  find  myself  so 
completely  in  agreement  with  most  of  Professor  Earle's  propo- 
sitions. For  example,  I  agree  that  a  careful  "consideration 
of  the  needs  of  the  profession — I  may  interpolate  of  any  pro- 
fession— should  lead  to  an  elementary  course  as  broad  and  as 
thorough  as  that  given  to  students  in  Arts.''  I  also  agree 
with  the  statement  that  ''special  drill  in  technical  writing 
is  not  (and  should  not  be)  intended  to  take  the  place  of  other 
work  in  English."  Here  are  the  two  main  propositions  in 
the  matter.  Let  us  hold  to  them  as  most  important.  First, 
students  in  engineering  sJiould  have  as  much  English,  and  the 
same  kind  of  English,  as  that  given  to  studetits  in  arts. 
Secondly,  special  drill  in  technical  writing  must  not  be 
allowed  to  take  the  place  of  that  general  drill  which  is  neces- 
sary to  all,  however  advisable  it  may  be  to  add  specific  train- 
ing in  additional  and  elective  courses.  In  these  basic  prin- 
ciples Professor  Earle  and  I  are  at  one. 

Without  going  further  into  details  in  which  I  agree,  and 
they  are  many,  I  should  like  to  note  what  I  find  in  this  paper 
that  strikes  me  as  novel.  The  idea  that  a  teacher  of  English 
should  be  likewise  an  engineer  strikes  me  as  novel  in  the 
extreme.  I  would  suggest  that  the  converse  would  be  better — 
that  we  demand  that  every  engineer  be  capable  of  a  reason- 
ably accurate  use  of  his  mother  tongue.  But  to  return  to 
novelties :  one  of  them  I  note  is  the  restricting  of  that  larger 
range  of  subjects  which  must  occur  to  any  intelligent  teacher 
to  the  narrower  range  of  subjects  in  which  the  student  is 
constantly  working.  Does  a  boy,  in  training  to  become  an 
engineer,  really  find  a  greater  interest  at  all  times  in  engi- 
neering subjects  than  in  others?  Professor  Earle  finds  it 
"surprising  how  much  interest  freshman  engineers  will  take 
in  writing  stories."  In  this  they  are  precisely  like  other 
freshmen,  and  will  Professor  Earle  say  that  this  ''interest" 
is  to  be  increased  by  restricting  the  range  of  this  story-writing 
to  "engineering  stories"?  Another  novelty  which  I  note  is 
the  carrying  on  of  the  consultation  in  the  drawing  room  or 
other  laboratory  by  means  of  a  committee  consisting  of  two 
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instructors  and  the  student  in  the  case.  The  getting  up  of 
any  report  in  -vrriting  or  anv  oral  recitation  is  made  up  of  the 
two  elements,  the  thought  and  the  expression.  It  is  found 
ordinarily  to  be  quite  sufficiently  difficult  to  keep  the  student 
to  his  subject  without  confusing  him  by  a  second  line  of 
thought.  I  can  not  see  how.  pedagogically,  any  real  value 
can  come  from  combining  two  processes  which,  after  all, 
might  be  more  effectively  accomplished  separately. 

I  am  thoroughly  in  favor  of  co-operation  in  the  instruction 
of  our  students.  I  am  thoroughly  in  favor  of  having  our 
younger  instructors  learn  from  their  elders.  Professor  Earle  's 
system  of  an  apprenticeship  of  one  year  for  the  newly  ap- 
pointed instructor,  before  he  is  entrusted  with  a  class  we  have 
here  at  Pennsylvania,  though  we  usually  make  the  apprentice- 
ship two  years.  The  difficulties  with  collaboration  are  mani- 
fold where  the  curriculum  is  complicated:  and  it  may  be 
questioned  whether  a  close  attention  to  the  methods  of  other 
members  of  the  department,  especially  seniors,  from  whom 
favor  and  appointment  comes,  may  not  result  as  frequently 
in  curbing  originality  as  in  increasing  effectiveness.  "We  have 
been  accustomed  at  Pennsylvania  to  welcome  every  new 
method  suggested,  to  give  any  young  and  enthusiastic  man  an 
opportunity  to  try  himself  out  in  his  own  way,  to  hamper  him 
as  little  as  possible  by  precept,  or  even  by  example,  and  we 
have  found  in  the  broader  outlook  that  has  given  the  depart- 
ment as  a  whole  what  we  believe  to  be  a  very  material  gain. 

In  conclusion  of  this  subject.  I  should  like  to  present  the 
topic  on  broader  grounds.  Obviously,  in  the  education  of  any 
student  there  are  two  things  to  consider,  the  education  of  the 
man  and  the  education  of  the  engineer,  the  architect,  the  doc- 
tor, or  the  lawyer — whatever  he  may  propose  to  become ;  and 
the  education  of  the  nian  must  come  first,  or  it  will  never 
come.  The  ends  and  aims  of  technical  education  are  different 
from  the  ends  and  aims  of  that  liberal  education,  however 
derived,  that  must  precede  it.  I  am  not  a  stickler  for  Latin, 
Greek,  mathematics  or  anything  else  as  a  means  of  Liberal 
education:  there  are  many  such  means;  but  I  am  a  stickler 
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for  absolute  freedom  in  such  subjects,  when  used  for  liberal 
education,  from  all  technical  and  ulterior  considerations,  I 
should  draw  a  distinct  line  between  pure  mathematics  and 
applied  mathematics,  and  I  should  say  that  mathematics  is 
best  taught  as  mathematics  first,  and  in  its  applications 
secondly.  I  should  say  that  the  culture  value  of  a  pure  sub- 
ject was  infinitely  above  that  of  an  applied  subject.  I  should 
say  that  the  intrusion  of  application  in  a  subject  would 
proportionately  destroy  its  value  for  culture.  It  strikes  me 
that  the  question  of  "Engineering  English"  is  a  very  simple 
one.  English  is  our  universal  tool;  without  English  we  can 
do  nothing.  It  is  as  essential  an  equipment  to  one  as  to 
another;  it  is  as  necessary  as  the  multiplication  table.  The 
difficulty  with  "Engineering  English"  is  the  desire  of  those 
in  charge  of  engineering  education  for  a  short  cut.  The 
English  department  of  Pennsylvania  is  not  permitted  to  give 
as  much  English  to  engineering  students  as  it  gives  to  other 
students  or  as  much  as  it  recommends.  Engineering  students 
are  not  permitted,  by  reason  of  the  stress  of  other  work,  to 
take  electives  in  the  subject.  It  is  the  belief  of  this  depart- 
ment that  English  should  be  taught  in  its  purity  to  all 
students  alike,  with  a  special  emphasis  to  those  who  take 
scientific  subjects  because  they  have  not  the  advantage  of 
those  helps  which  the  study  of  the  classics  could  give  them. 
This  department  would  like  to  strengthen  to  the  full  the 
required  English  for  engineers,  and  it  would  like  to  have  an 
opportunity  to  offer  electives  in  English  upon  the  basis  of 
that  preparation.  It  would  recognize  in  full  the  advantages 
of  technical  training  in  the  case  of  instructors  put  in  charge 
of  these  advanced  subjects,  but  it  feels  that  English,  like  all 
other  subjects,  is  a  matter  of  expert  knowledge.  "We  would 
go  to  our  friends,  the  engineers,  for  help  in  building  bridges ; 
we  should  like  them  to  come  to  us  for  such  help  as  we  can 
give  them  in  the  teaching  of  English. 

Dean  J.  D.  Newton  (by  letter)  :  The  writer  has  taken  more 
than  passing  interest  in  the  papers  of  Professors  Earle  and 
Raymond,  because  he  has  frequently  discussed  with  the  latter, 
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as  a  member  of  the  same  faculty,  considerable  of  the  subject 
matter  of  both  papers,  and  because  the  relation  of  English 
to  the  other  work  of  engineering  courses  is  a  live  issue  in  the 
institution  with  which  he  is  now  connected. 

The  authors  appear  to  be  agreed,  and  no  doubt  many  others 
are  in  substantial  agreement  with  them,  as  to  some  of  the 
methods  that  ought  to  be  employed  in  teaching  English,  the 
term  being  used  in  the  sense  indicated  by  Professor  Raymond. 
One  might  very  reasonably  infer  from  the  papers  that  some 
sort  of  departure  from  traditional  procedure,  some  sort  of 
reform,  is  advisable,  not  only  in  English  but  more  generally, 
if  it  be  assumed  that  the  majority  of  technical  graduates  are 
given  to  looseness  of  expression  and  thought.  Undoubtedly, 
the  estimate  placed  by  an  institution  or  teacher  on  the  relative 
importance  of  English  or  any  other  subject  will  suggest  the 
nature  of  the  courses  and  the  methods  of  instruction ;  and  the 
attitude  of  students  toward  particular  courses  will  in  general 
be  regulated  by  the  institution's  interpretation  of  the  require- 
ments of  the  twentieth-century  engineer. 

Both  papers  invest  an  ideal,  to  which  the  technical  graduate 
should  be  an  approximation,  with  the  ability  to  acquit  himself 
creditably  through  exact  thought  and  expression.  The  special 
drill  in  technical  writing  appears  to  be  a  substitute  for  "the 
training  in  exact  expression  required  by  the  study  of  Latin 
which  gave  the  students  thorough  drill  in  exact  thinking"; 
to  the  lack  of  such  discipline  is  ascribed  the  "loose  thought 
and  still  looser  expression  of  the  majority  of  technical  grad- 
uates." On  this  assumption,  might  it  not  be  well  to  consider 
the  advisability  of  suggesting  to  prospective  engineering  stu- 
dents, though  not  requiring  of  them,  the  presentation  of  some 
units  of  Latin  for  entrance  instead  of  certain  accepted  equiv- 
alents. Might  not  the  revival  of  Latin,  as  a  preparatory  sub- 
ject, help  to  eliminate,  or  at  least  to  mitigate,  the  defection 
mentioned.  Our  faculty  (recently  organized),  though  fully 
cognizant  of  the  claims  advanced  for  other  preparation,  has 
recommended  the  substitution  of  Latin  for  certain  of  the  more 
usual  preparatory  subjects.    There  is,  however,  no  intention 
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of  transferring  Latin  from  the  optional  to  the  prescribed  list 
of  entrance  units.  Our  entrance  requirements  follow  the 
definitions  and  formulations  of  the  Society's  committee,  and 
most  of  our  matriculants  are  high  school  graduates  with  varied 
preparation. 

Our  present  tentative  engineering  courses  were  outlined  to 
meet  our  interpretation — which  seems  to  differ  little  from  the 
Tuft's  idea — of  the  purpose  of  contemporary  engineering 
training.  The  courses  were  not  outlined  for  the  special  pur- 
pose of  featuring  English  to  the  detriment  of  anything  else, 
but  the  art  of  definite  and  correct  expression  was  considered 
to  be  an  essential  qualification  of  the  technical  graduate. 
Some  comment  on  the  methods  employed  at  present,  and  con- 
templated in  the  future,  may  be  of  interest,  and  is  submitted 
as  a  contribution  to  the  discussion. 

The  instruction  in  freshman  English  is  entirely  dissociated 
from  that  in  the  college  of  arts  and  sciences,  a  special  course 
of  three  semester-credits  being  given  throughout  the  year. 
The  prospectus  is  made  to  say  that  considerable  importance 
is  attached  to  English  (as  well  as  logic,  German,  French,  and 
economics),  that  the  work  is  designed  to  accord  with  the  other 
work  of  the  courses,  that  the  requirement  will  not  be  consid- 
ered fulfilled  by  the  satisfactory  completion  of  the  first  year's 
program,  and  that  a  supplementary  course  of  indefinite  dura- 
tion will  be  provided  as  a  corrective  for  delinquency  in  the 
succeeding  years.  Freshman  instruction  is  preceded  by  a 
lecture  on  the  purposes  of  the  engineering  courses.  Through 
this  lecture  is  conveyed  the  faculty's  appreciation  of  the 
value  of  English.  To  the  English  department  is  committed 
the  task  of  acquainting  students  with  the  ways  and  means  of 
using  the  library  to  advantage.  A  text  book  is  used  and 
instruction  in  rhetorical  theory  given.  The  written  exercises 
are  based  on  "the  lives  of  distinguished  scientists,  assigned 
readings,  and  visits  of  inspection."  A  search  through  the 
sources  of  information  for  material  dealing  with  the  life  of  a 
scientist  means  some  little  insight  into  the  times  of  the 
scientist.    Some  of  the  "assigned  readings"  are  from  current 
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technical  literature,  and  synopses  of  certain  articles  are  re- 
quired. The  "visit  of  inspection"  is  sufficiently  elastic  to  be 
applicable  to  a  drafting  table,  leveling  rod,  steam  engine,  or 
factory.  Following  the  freshman  year,  the  inspection  trip 
provides  an  excellent  medium  for  the  combination  of  rhetorical 
and  technical  instruction.  Of  course  other  results,  possibly 
equally  as  desirable  as  the  acquirement  by  the  freshman  of  the 
art  of  definite  and  correct  expression,  are  expected  to  follow 
the  use  of  these  methods,  but  the  desideratum,  in  so  far  as  the 
methods  relate  to  English,  is  the  cultivation  of  the  art,  and  a 
realization,  on  the  part  of  the  student,  of  its  value  and  im- 
portance to  technical  men. 

To  further  the  effort  at  correlation,  a  set  of  instructions  to 
govern  all  written  work,  is  supplied  to  the  student  at  the 
beginning  of  the  freshman  year.  All  work  submitted  in  satis- 
factory form  during  the  year,  is  placed  on  file,  some  of  it  to 
be  retained  permanently. 

Under  our  proposed  system,  students,  who  have  not  had 
equivalent  experience,  are  required  to  spend  the  summer  in 
some  gainful  occupation  related  to  constructive  or  productive 
engineering.  A  written  report,  embodying  all  the  features  of 
the  technical  report  described  by  Professor  Raymond,  and 
based  on  the  work,  is  required.  The  previous  equivalent  ex- 
perience does  not  relieve  a  student  from  the  obligation,  but 
may  furnish  a  basis  for  his  reports.  All  such  reports  are  to 
be  deposited  in  the  departmental  library,  but  are  not  regarded 
merely  as  consignments  to  the  depository.  They  are  assumed 
to  be  contributions  of  such  value  and  importance  as  to  be  read 
intelligently  to  others,  printed,  and  consulted  as  reference 
material.  All  conferences  relating  to  these  papers  will  be 
assigned  to  engineering  instructors. 

Of  course  the  summer  work  is  intended  to  contribute  to  the 
student's  general  efficiency,  but  the  attitude  of  the  instructor 
concerned,  toward  the  report,  will  determine  the  degree  to 
which  the  student's  mastery  of  English  may  be  helped  or 
hindered  by  written  exercises  of  this  nature.  If  the  instructor 
be  one  of  the  unfortunate  majority  heretofore  mentioned,  his 
own  efficiency  is  thereby  limited,  whatever  his  attitude. 
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While  the  objects  to  be  attained  by  such  courses  as  logic, 
economics,  the  law  of  contracts,  the  writing  of  specifications, 
are  other  than  the  development  of  the  student's  latent  powers 
of  correct  expression,  all  can  be  so  shaped  as  to  lend  them- 
selves readily  to  such  development,  through  oral  and  written 
practice.  Increasing  proficiency,  through  practice,  in  the  use 
of  English,  should  be  expected  to  a  degree  paralleling  the 
increasing  facility  expected  in,  for  instance,  drawing  or  free- 
hand lettering. 

The  success  of  the  methods  outlined  will  depend  on  a  gen- 
eral understanding  of  the  purpose  of  engineering  instruction, 
and  on  organized  co-operation — not  unrestrained  individual- 
ism— to  the  end  of  helping  students  toward  the  acquirement 
of  the  art  of  correct  expression,  without  detriment  to  any  of 
the  other  well  recognized  essentials  of  the  graduate's  equip- 
ment. The  writer  takes  this  opportunity  of  commending  the 
papers  of  Professors  Earle  and  Raymond,  for  he  believes  that 
some  such  system  of  co-ordination  and  co-operation  will  pro- 
mote efficiency,  not  in  English  alone,  but  in  everything  else. 

Professor  Geo.  C.  Shaad  (by  letter)  :  A  considerable  por- 
tion of  the  work  of  the  practicing  engineer  consists  in  the 
preparation  of  written  statements,  varying  in  form  and  extent 
from  a  simple  business  letter  to  a  complete  report  on  some 
intricate  technical  subject,  and  inability  to  do  this  class  of 
work  well  has  undoubtedly  been  a  handicap  to  many  in  the 
profession.  A  part  of  the  student's  time,  then,  should  be 
devoted  to  this  class  of  work  and  it  is  a  matter  of  considera- 
tion of  the  total  time  available  and  the  relative  importance 
of  the  different  subjects  included  in  the  course,  as  to  just  how 
much  time  can  be  given  to  the  writing  of  papers.  That  all 
papers  which  are  prepared  should  receive  careful  criticism, 
both  as  to  material  presented  and  composition,  goes  without 
saying. 

One  of  the  duties  of  the  department  of  English,  then,  should 
be  to  inform  the  students  as  regards  the  collection  of  informa- 
tion and  material  relating  to  some  particular  subject,  and  to 
give    instruction    regarding    the    efficient    use    of    reference 
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libraries.  The  careful  selection  of  material  and  its  logical 
presentation  should  receive  considerable  attention,  and  the 
mechanical  features  of  a  manuscript  report  should  not  be 
neglected.  The  department  of  English  can  give  some  time  to 
the  practice  of  gathering  information  and  preparing  papers, 
but  it  appears  to  me  that  the  greatest  good  can  be  accomplished 
by  having  careful  co-operation  of  all  of  the  departments  with 
the  department  of  English,  to  the  end  that  all  written  papers, 
whether  in  the  form  of  long  technical  reports  prepared  for 
the  department  in  which  the  student  is  enrolled,  or  reports  on 
routine  laboratory  work,  shall  be  criticized  along  the  same 
lines  as  they  would  be  if  they  were  formal  exercises  in  Eng- 
lish. For  the  best  results  it  is  essential  that  aU  instructors,  as 
well  as  the  students,  be  interested  in  the  matter  of  good  com- 
position of  engineering  papers. 

"Wldle  the  laboratory  reports  present  one  form  of  exercise, 
there  is  much  to  be  gained  in  requiring  students  to  prepare 
longer  papers  where  the  matter  of  collecting  the  information 
is  thrown  more  upon  the  student,  and  where  the  matter  of 
good  presentation  is  perhaps  not  as  clear  as  it  is  in  the  labo- 
ratory work.  Our  students  are  required  to  prepare  four  such 
reports  during  their  course  and  in  addition  to  this  we  con- 
sider the  preparation  of  their  theses  as  a  final  exercise.  "We 
believe  that  the  results  obtained  from  this  particular  work 
more  than  repay  for  the  time  required  for  it. 

Dean  J.  J,  Clark  (by  letter)  :  I  recently  received  a  letter 
from  a  practicing  civil  engineer,  from  which  I  quote  as 
follows : 

"In  the  beginning  of  my  experience  as  an  engineer,  one  of 
the  hardest  problems  I  had  to  contend  with  was  to  write  an 
intelligent,  comprehensive  report  upon  any  engineering  mat- 
ter that  came  before  me.  and  I  find  from  my  acquaintance 
with  engineers  in  general,  it  is  a  common  failing  among  them. 
This  is  largely  due  to  the  fact  that  this  feature  in  the  educa- 
tion of  an  engineer  does  not  usually  receive  any  attention  at 
school,  or,  at  least,  sufficient  attention,  to  give  him  an  ade- 
quate idea  of  this  field  of  engineering,  and  today,  it  is  to  my 
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mind,  as  essential  that  he  be  prepared  for  this  as  for  many 
other  things  he  is  called  upon  to  perform.  ...  I  am  satisfied 
that  many  men  who  might  rise  to  something  higher,  are  at 
least  hindered,  if  not  precluded,  by  a  lack  of  appreciation  of 
the  possibilities  of  this  field.  Writing  intelligently  is  largely 
a  personal  equation,  but  men  who  do  not  write  have  the  possi- 
bilities witliin  themselves,  if  their  minds  were  prepared  for 
the  work." 

As  I  understand  it  from  reading  Professor  Raymond's 
paper,  it  is  such  conditions  as  these  that  he  desires  to  remedy, 
and,  in  so  far  as  I  can  see,  his  system,  if  intelligently  carried 
out,  will  do  this.  I  note,  however,  that  Professor  Raymond 
does  not  lay  much  stress  on  the  feature  that  interests  me  most, 
which  is,  criticizing  of  the  student's  written  work.  While, 
to  be  sure,  he  states  that  the  papers  prepared  by  the  students 
are  criticized,  he  does  not  state  who  does  this  criticism,  nor 
the  nature  of  it.  In  my  work,  I  do  not  pay  so  much  atten- 
tion to  grammar,  spelling,  punctuation,  etc.,  as  to  style. 
While  permitting,  and  even  encouraging  the  individual  writer 
to  preserve  his  own  general  style  of  writing,  I  endeavor  to 
point  out  to  him  wherein  his  statements  are  not  clear,  and 
where  he  has  "shot  over"  the  heads  of  his  readers,  so  to  speak. 
Of  course,  he  is  required  to  present  his  thoughts  in  a  logical 
order,  and  he  is  required  to  conform  to  our  rules  regarding 
spelling,  capitalization,  use  of  symbols  and  abbreviations,  and 
other  typographical  features,  in  so  far  as  it  is  possible  for 
him  to  do  so.  I  do  not  think  it  feasible  to  evolve  a  general 
standard  that  will  be  used  by  all  engineers  and  textbook 
writers,  as  suggested  by  Professor  Raymond,  and  this  opinion 
has  been  strengthened  within  recent  years  by  the  action  of 
the  American  Institute  of  Electrical  Engineers  when  it 
adopted  its  present  standard.  If,  however,  the  system  as  out- 
lined by  Professor  Raymond  be  adopted  by  any  college  or 
engineering  school,  and  carried  out  conscientiously,  it  should 
go  a  long  step  towards  remedying  existing  defects.  It  would 
be  a  good  idea  for  each  engineering  school  to  have  some  system 
of  punctuation,  capitalization,  use  of  symbols  and  abbrevia- 
6 


82  ENGINEERING  ENGLISH. 

tions,  etc.,  and  this  should  conform,  in  so  far  as  is  practicable, 
with  the  forms  in  most  general  use  by  the  best  writers.  Each 
student  should  be  required  to  conform  to  the  standard,  and 
even  if  he  has  to  change  somewhat  in  minor  details  later,  he 
will  have  been  taught  to  be  systematic  and  thorough. 

Mr.  Charles  Carroll  Brown  (by  letter)  :  I  feel  honored  in 
being  requested  to  discuss  Professor  Raymond's  paper  and 
thus  to  renew  my  connection  with  the  Society,  of  which  I  was 
a  member  in  its  early  days.  I  contended  then  for  a  broader 
education  for  engineers,  and  have  often  deplored  the  early 
neglect  of  English  in  the  courses  of  study  in  engineering 
schools.  I  am  more  than  glad  to  see  that  this  defect  is  being 
corrected  and  that  such  practical  work  is  being  done  as  that 
indicated  by  the  papers  of  Professors  Earle  and  Raymond. 

The  fact  is  that  the  engineer  often  fails  to  attain  his  ends 
because  he  does  not  know  how  to  state  them  and  the  processes 
by  which  they  can  be  reached.  He  is  the  natural  developer  of 
most  of  the  plans  for  utilization  of  our  natural  resources,  for 
new  lines  of  transportation,  for  improvement  of  our  physical 
conditions,  but  the  details  of  his  profession  are,  at  least  in  his 
early  life,  so  absorbing  that  the  tendency  is  away  from  rather 
than  toward  effective  self-expression  in  the  mother  tongue. 
He  therefore  needs,  as  I  have  often  said  before,  even  more 
training  in  practical  English  work  than  the  candidate  for  any 
other  profession. 

My  work  for  much  of  the  time  since  I  resigned  a  professor's 
chair  has  been  in  a  field  where  this  lack  of  ability  of  the  engi- 
neer to  express  himself  shows  most  prominently.  It  is  most 
diflScult  to  obtain  even  a  bare  description  of  an  engineering 
work  which  will  be  at  the  same  time  accurate,  clear,  logical 
and  readable.  It  is  almost  always  necessary  to  infuse  another 
personality  into  the  story,  with  some  detriment  to  correctness 
and  loss  of  personal  touch  with  the  work,  in  order  to  get  the 
article  into  such  shape  that  it  can  be  read  with  appreciation 
by  the  ordinarily  intelligent  engineer,  I  am  glad  to  say,  how- 
ever, that,  due  no  doubt  to  the  good  work  of  the  gentlemen 
who  have  written  these  papers  and  others  in  the  same  line,  the 
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words  "almost  ahvays  necessary"  are  becoming  more  out  of 
date  each  year,  and  may  before  long  be  substituted  by  ' '  seldom 
necessary. ' ' 

After  fifteen  more  years  of  experience,  not  in  the  college  but 
in  the  practice  of  engineering  and  in  business  in  which  an 
engineering  education  is  an  essential,  I  am  quite  as  strenuous 
in  my  demands  for  a  thorough  general  education  as  I  was  in 
a  paper  before  this  Society  at  its  Springfield  meeting,  and 
would  add  to  it  a  statement  of  my  belief  that  a  very  essential 
element  in  this  general  education  is  a  thorough  grounding  in 
the  history,  structure  and  practical  use  of  the  English  lan- 
guage. While  the  average  engineer  scarcely  knows  the  ele- 
ments of  technical  logic,  he  is  so  thoroughly  trained  in  its 
practical  application  to  the  solution  of  his  problems  that,  if 
he  has  at  the  same  time  this  practical  instruction  in  the  use  of 
the  vehicle  in  which  his  reasoning  is  to  be  expressed  when  he 
Avants  to  present  it  to  those  not  trained  in  his  own  profession, 
he  need  spend  but  little  time  upon  the  subject  bearing  the 
label.  If  he  does  not  have  this  training  in  English,  he  is  a 
good  engineer,  but  he  may  not  be  able  to  convince  the  average 
business  man  of  this  fact.  So,  from  the  point  of  view  of  prac- 
tical use,  as  well  as  of  effect  upon  the  general  training  of  the 
man  and  the  engineer,  this  modern  method  of  teaching  Eng- 
lish in  engineering  schools  is  to  be  commended. 

I  cannot  forbear  adding  a  warning  note  that  it  is  quite 
possible  to  make  the  work  conform  too  closely  to  the  practical 
side  and  thus  lose  some  of  the  real  value  of  English  as  a  study 
for  engineers.  This  is  more  likely  to  be  the  case  in  institutions 
where  there  is  not  close  co-operation  between  the  English  and 
the  engineering  departments  and  the  engineers  are  relegated 
to  classes  in  which  the  culture  value  is  minimized.  In  such 
cases,  also,  the  lack  of  knowledge  of  the  conditions  the  engineer 
must  meet  are  likely  to  reduce  the  value  of  the  practical  work 
and  thus  nullify  to  a  great  extent  the  efforts  of  the  professors 
in  the  engineering  departments  to  meet  the  needs  of  their 
students.  I  am  glad  to  see  that  this  criticism  does  not  apply 
to  Tufts  College  or  to  Kansas  University.    It  is  an  evidence  of 
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progress  "when  it  is  recognized  that  a  man  can  not  write  intelli- 
gently upon  a  subject  concerning  which  he  is  totally  ignorant. 
Too  much  of  the  English  writing  in  the  schools,  from  the 
elementary  grades  up,  misses  this  point  and  is  consequently 
inefficient. 

I  see  little  to  change  in  the  practical  programs  presented  in 
the  two  papers,  though  there  will  undoubtedly  be  differences 
in  practice  among  schools,  and  can  only  express  again  in  brief 
what  it  has  taken  a  good  many  words  to  say  above,  that  we, 
who  are  in  the  practice  of  engineering  and  of  its  application 
to  the  betterment  of  moral  and  spiritual  as  well  as  physical 
conditions,  welcome  heartily  these  advancements  in  the  teach- 
ing of  English  to  engineers,  because  we  can  see  the  great  bene- 
fits which  will  result.  They  seem  the  greater  to  us  because  we 
have  been  suffering  from  the  lack  in  engineers  generally  of  the 
ability  to  express  themselves,  and  because  we  have  seen  the 
serious  effects  of  this  lack  of  English  training  upon  engineers 
who  might  otherwise  have  taken  higher  rank  among  those 
engaged  in  the  improvement  of  social  and  business  conditions. 

Professor  Frank  W.  Chandler  (by  letter)  :  Professor  Ray- 
mond's article  sets  forth  some  of  the  aims  and  methods  of 
the  English  department  at  the  University  of  Kansas  in  deal- 
ing with  students  of  technology.  Among  the  interesting  prac- 
tical suggestions  of  this  article  I  find  four.  These  are:  (1) 
The  endeavor  on  the  part  of  the  English  department  to  co- 
operate with  all  other  departments  that  require  written  work, 
(2)  its  endeavor  to  encourage  all  who  write,  by  giving  them 
something  to  write  about  in  which  they  are  really  concerned 
and  by  preserving  worthy  articles  so  composed,  in  a  manu- 
script library  in  the  rooms  of  the  rhetoric  department,  (3) 
its  endeavor  to  assist,  in  a  semi-official  way,  all  who  desire  to 
use  books  for  a  special  purpose  or  to  express  their  thoughts 
and  emotions  in  any  kind  of  composition;  and  (4)  its  hope 
for  a  code  of  authoritative  forms  "to  govern  the  use  of  special 
terms,  abbreviations,  capitalization,  forms  of  manuscript, 
tables,  bibliographies,  illustrations,  etc." 

With  regard  to  the  last  point,  it  may  be  said  that  such  a 
concise  array  of  rules  as  is  given  in  Woolley  's  ' '  Handbook  of 
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Composition"  fairly  answers  this  particular  need,  when  sup- 
plemented by  some  study  by  the  class  of  easily  accessible 
sample  specifications,  contracts,  and  technical  reports,  and  by 
the  careful  analysis  of  scientific  articles  from  the  best  engineer- 
ing journals.  Since  technical  writing  differs  but  little  from 
any  other  kind  of  exposition,  the  student  who  has  once  gained 
the  power  of  marshalling  facts,  inducing  conclusions,  and  pre- 
senting his  results  with  clearness  and  force,  can  readily  learn 
from  the  reading  of  standard  scientific  literature  any  tricks  of 
his  special  trade. 

With  regard  to  Professor  Raymond's  suggestion  that  the 
English  department  offer  its  services  freely  "as  an  editorial 
council"  to  the  students  to  assist  them  in  spilling  ink,  whether 
in  writing  college  songs  or  in  preparing  public  speeches  and 
technical  reports,  it  may  be  said  that  this  should  be  part  of 
the  function  of  the  English  department  in  every  school  and 
college.  Yet  it  is  a  function  especially  to  be  insisted  upon  in 
the  school  of  engineering.  There  the  student  is  likely  to  feel 
less  inclination  to  write  than  is  his  collegiate  fellow,  and  there, 
it  is  the  more  important  for  the  English  department  to  catch 
his  interest  and  sympathy  outside  the  regular  class-room.  Not 
many  may  voluntarily  seek  aid  from  the  English  department, 
but  all  should  be  encouraged  to  do  so.  Unless  instructors  are 
glad  thus  to  give  themselves  freely  to  the  students  out  of  hours 
set  down  in  the  catalogue,  they  are  clearly  remiss  in  their  duty. 

Concerning  Professor  Raymond's  suggestion  that  the  stu- 
dent be  made  to  write  out  of  his  own  experience,  so  far  as 
possible,  that  too  is  a  requirement  desirable  in  every  composi- 
tion course.  But  one  great  diflficulty  with  students  of  tech- 
nology is  the  fact  that  in  their  earlier  years  they  feel  their 
lack  of  sufficient  technical  knowledge  to  serve  as  a  basis  for 
writing.  Moreover,  many  such  students  prefer  to  attempt  the 
discussion  of  matters  of  more  general  interest,  such  as  social, 
political,  or  even  literary  topics.  I  would  by  no  means  confine 
the  student  of  engineering  to  the  preparation  of  technical 
reports  or  the  recording  of  laboratory  experiments.  Very 
little  practice  in  the  effective  use  of  English  is  afforded  by 
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cataloguing  formulas  or  enumerating  the  steps  in  a  process. 
Clearness  and  force  are  the  qualities  of  style  in  demand  in 
technical  \rriting,  and  exposition  and  argumentation  are  the 
forms  of  discourse  most  likely  to  be  employed.  But  practice 
in  such  forms  and  in  striving  to  secure  these  qualities  may  be 
had  in  any  field,  and  it  is  certain  that  discussions  of  public 
affairs  and  of  other  matters  of  contemporary  interest  afford 
rich  opportunities  for  the  writing  of  simple  and  effective 
prose.  If  the  student  can  succeed  in  dealing  clearly  and 
forcibly  with  such  subjects,  he  will  have  no  difficulty  with  the 
less  inspiring  and  much  easier  business  of  writing  reports 
upon  laboratory  experiments,  explanations  of  formulas, 
figures,  or  scientific  principles,  descriptions  of  machines,  and 
specifications  for  engineering  undertakings.  It  is  never  to  be 
forgotten,  too,  that  the  engineer  requires  a  mastery  of  English 
less  for  use  in  appealing  to  purely  technical  readers  than  as 
an  instrument  to  be  employed  in  dealing  with  men  in  general 
in  the  larger  relations  of  life.  Most  courses  in  purely  tech- 
nical English  fail  to  take  account  of  this  fact. 

The  suggestion  of  Professor  Eaymond  that  worthy  articles 
composed  by  the  students  be  preserved  in  a  manuscript  Library 
in  the  rooms  of  the  rhetoric  department  is  admirable.  Such  a 
collection  of  the  best  student  themes  sets  a  standard  for  the 
less  skilled,  and  serves  as  an  incentive  to  all  for  the  prepara- 
tion of  careful  work.  But  in  order  that  the  most  should  be 
made  of  any  collection  of  the  kind,  the  articles  composing  it 
should  be  typewritten.  At  present  the  teacher  of  English  can 
merely  look  forward  with  longing  to  that  millennial  day  when 
the  use  of  the  typewriter  will  be  so  common  that  all  student 
themes  may  be  required  in  this  form. 

As  for  Professor  Raymond's  suggestion  that  the  English 
department  ought  to  co-operate  with  all  other  departments 
requiring  written  work,  that  is  the  dream  of  teachers  of  Eng- 
lish in  every  school  and  college.  But  how  shall  this  co-opera- 
tion be  effected?  It  entails  a  great  amount  of  work  by  the 
English  department  in  supervising  the  papers  prepared  for 
other  departments,  and  it  entails  also  upon  these  other  depart- 
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ments  a  responsibility  which,  too  often  they  shirk.  It  is 
seldom,  indeed,  that  instructors  in  physics  or  mechanical  engi- 
neering are  willing  to  give  a  low  rating,  much  less  to  rate  at 
a  failure,  those  who  despite  their  technical  knowledge  are 
defective  in  English.  But  until  the  engineering  student  per- 
ceives that  his  professors  in  pure  and  applied  science  regard 
lapses  in  his  English  with  the  same  disfavor  as  does  his  pro- 
fessor of  English,  he  will  not  be  likely  to  amend.  What  is 
needed  is  a  practical  scheme  of  co-operation  whereby  every 
written  paper  submitted  to  the  departments  of  science  shall 
be  cheeked  both  for  matter  and  for  expression.  In  the  first 
two  years  of  the  course,  all  papers  in  any  of  the  science 
classes  should  be  carefully  examined  on  both  points  by  the  two 
departments  concerned.  In  later  years  of  the  course  the  Eng- 
lish department  need  take  cognizance  only  of  papers  marked 
deficient  in  expression  by  the  science  departments  and  referred 
for  further  consideration  to  the  specialists  in  English.  In  the 
Engineering  School  of  the  University  of  Cincinnati  such  co- 
operation is  encouraged.  Mr.  Clyde  "W.  Park,  who  is  in  charge 
of  our  English  instruction  for  engineers,  in  a  report  just  pre- 
sented to  the  dean  of  the  engineering  school,  makes  the  fol- 
lowing statement,  which  the  dean  approved: 

"Co-operation  with  other  teachers  who  require  written  work  is  unques- 
tionably one  of  the  most  practical  and  economical  schemes  for  composition 
teaching.  The  success  of  our  experiments  thus  far  and  the  friendly  atti- 
tude of  the  engineering  faculty  towards  English,  have  emboldened  me  to 
propose  a  wider  application  of  the  co-operative  plan.  I  should  like  to 
see  the  mark  in  English  composition  made  a  provisional  one,  to  be  with- 
drawn or  changed  to  a  condition  on  the  complaint  of  any  instructor  who 
found  written  work  that  was  below  standard.  Such  complaint  might 
even  be  based  on  the  student's  graduation  thesis,  though  as  a  rule  pre- 
vious warnings  and  drill  would  provide  against  this  calamity.  If  the 
student  could  thus  be  made  to  feel  that  his  English  was  to  be  used  in  all 
of  his  courses  all  the  time,  he  would  form  lasting  habits  of  careful  expres- 
sion. Then  his  composition  work  would  mean  something  more  than  a 
lucid  interval  in  his  college  course,  when  he  wrote  respectable  English 
long  enough  to  earn  a  passing  mark  in  a  required  subject. 

' '  The  enforcement  of  such  a  provision  would  not  place  so  great  a 
burden  on  the  teachers  of  other  subjects  as  may  at  first  appear.  Surely 
no  one  can  read  a  manuscript  without  gaining  incidentally  an  impres- 
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sion  of  the  writer's  skill  or  awkwardness  in  composition.  If  the  com- 
position is  logical  in  arrangement  and  clear  in  expression,  these  qualities 
will  be  plainly  apparent.  If  it  is  scrappy,  general,  or  in  any  way  unin- 
telligible, the  fact  will  be  all  too  evident.  To  refer  the  faulty  manu- 
script and  its  writer  to  the  teacher  of  English,  or  to  refuse  to  accept  it 
until  re-written,  would  be  a  simple  matter.  Moreover,  since  bad  writing 
nearly  always  indicates  lazy  or  muddled  thinking,  instructors  in  the 
various  subjects  have  a  common  interest  in  the  student 's  rhetorical 
welfare. ' ' 

So  much  for  the  practical  suggestions  of  Professor  Ray- 
mond's article.  One  remark  that  he  offers  upon  the  theory 
involved  in  teaching  composition  I  should  like  to  emphasize. 
It  is  this,  that  skill  in  writing  can  not  be  taught  all  at  once, 
but  grows  gradually  along  with  the  student 's  general  increase 
in  knowledge  and  the  refinement  of  his  judgment.  In  short, 
poor  workmanship  in  writing  is  but  part  and  parcel  of  poor 
workmanship — carelessness,  inattention — in  everything.  As 
the  student  learns  accuracy,  comes  to  discipline  his  senses  and 
judgment  in  other  fields  of  work,  he  will,  if  properly  assisted, 
improve  in  his  English,  Carelessness  and  incoherence  in  ex- 
pression is  directly  related  to  carelessness  and  incoherence  in 
thinking  and  in  handiwork. 

Excellent,  however,  as  are  all  these  suggestions,  I  would 
enter  a  plea  for  something  more  in  the  English  course  of  the 
technical  school  than  Professor  Raymond  specifies.  This  is 
some  study  of  literature  in  connection  with  the  study  of  writ- 
ing. Many  of  our  schools  of  engineering  already  afford  such 
courses,  but  let  me,  in  closing  this  discussion,  meet  the  conten- 
tions of  those  who  still  deny  the  utility  of  courses  in  literature 
for  students  of  technology.  Four  reasons  may  be  assigned  for 
requiring  the  study  of  literature  in  the  high  grade  technical 
school. 

In  the  first  place,  the  study  of  the  works  of  great  writers  is 
indispensable  to  the  man  who  would  himself  learn  to  write. 
No  matter  how  humble  may  be  the  field  for  the  exercise  of  his 
own  skill  in  composition,  the  student's  powers  of  expression 
will  be  best  developed  through  the  attentive  reading  of  good 
literature.    The  proper  meaning  and  value  of  words  and  the 
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full  significance  of  the  qualities  of  style  can  be  learned  in  this 
way  alone.  To  quote  from  a  recent  article  by  Mr.  Walter  H. 
Page,  editor  of  the  World's  Work,  "Of  the  great  literature 
itself  no  writer  who  wishes  to  do  his  best  can  be  ignorant.  He 
must  steep  himself  in  it.  He  must  continue  to  live  in  it ;  for 
no  man  can  write  his  best  who  does  not  read  great  writers 
constantly."  This  opinion  has  been  affirmed  also  by  such 
writers  as  Stevenson,  Ruskin,  and  Franklin. 

In  the  second  place,  no  one  who  fails  to  have  been  brought 
into  touch  with  something  of  the  best  in  literature  can  hope  to 
meet  cultured  men  upon  terms  of  ease  and  equality.  As  a 
matter  merely  of  pride  and  of  business,  to  seek  no  higher  motive, 
it  is  necessary  that  the  engineer  should  share  with  educated 
people  everywhere  a  general  knowledge  and  appreciation  of 
the  best  in  literature. 

In  the  third  place,  apart  from  the  practical  considerations 
of  the  influence  of  literary  study  upon  the  writer  and  upon 
the  man  in  society  and  in  business,  the  student  needs  to  be 
taught  the  appreciation  of  literature  as  opening  to  him  new 
avenues  of  thought  and  enjoyment.  He  whose  interests  are 
bounded  simply  by  the  interests  of  his  profession  lives  the 
narrowest  and  most  resourceless  of  lives.  Opportunities  for 
relaxation,  for  recreation,  and  for  inspiration  are  offered  most 
freely  by  literature.  This  is  the  form  of  art,  moreover,  that 
is  best  adapted  to  convey  ideas,  and  since  it  has  been  the  chosen 
vehicle  of  thought  for  many  of  the  world's  most  potent 
thinkers,  whoever  would  feel  the  influence  of  their  thought 
must  be,  to  some  extent,  a  student  of  literature. 

Finally,  and  most  important  of  all  to  the  future  engineer, 
the  study  of  literature  means  the  study  of  men.  In  such 
literary  forms  as  the  epic,  the  drama,  and  prose  fiction,  great 
types  of  human  character  are  displayed  in  all  their  variety  by 
those  whose  experience  of  life  has  been  the  richest.  These 
types  of  character  are  exhibited,  not  statically,  but  in  action; 
their  emotions,  their  motives,  their  morals,  their  conceptions 
of  life  are  not  merely  analyzed  and  discussed,  but  are  made 
vividly  real.    The  student  of  literature  witnesses  as  in  a  labo- 
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ratory  an  absorbingly  interesting  series  of  experiments  with 
selected  specimens  of  human  nature.  He  learns  to  observe 
accurately  differences  in  temperament,  the  play  of  ruling 
passions,  the  workings  of  conscience,  the  clash  of  character 
upon  character.  For  him  the  minds  and  hearts  of  these 
personages  are  laid  bare.  At  the  same  time  he  remains  no 
mere  spectator  of  the  human  show,  but  for  the  moment  becomes 
an  eager  participant  in  it.  Thus  he  learns  inductively  to 
know  the  laws  that  govern  human  life — a  matter  of  even 
greater  practical  importance  than  a  knowledge  of  the  laws 
that  govern  things.  No  amount  of  abstract  teaching  of  psy- 
chology and  ethics,  of  biography  and  history,  can  take  the 
place  filled  by  this  concrete  presentation  through  literature 
of  types  of  character  in  action.  It  is  in  developing  the  stu- 
dent 's  knowledge  of  men,  in  enabling  him  to  select  and  to  deal 
with  men,  that  a  study  of  literature  should  prove  of  inesti- 
mable service  to  the  future  engineer. 


TEACHING  OF  SCIENTIFIC  SHOP  MANAGEMENT, 

WITH  USE  OF  ENGINEERING  SCHOOL 

SHOPS  AS  THE  LABORATORY. 

BY  H.  WADE  HIBBAKD  AXD  H.  S.  PHILBRICK, 
Department  of  Mechanical  Engineering,  University  of  Missouri. 

In  November,  1909,  a  '"brief"  on  the  desirability  of  teaching 
the  new  science  of  shop  management,  based  on  efficiency  engi- 
neering, with  use  of  the  shops  of  the  School  of  Engineering 
as  the  laboratory,  was  discussed  with  the  president  of  the 
University  of  Missouri.  In  the  next  catalog  of  the  University, 
printed  in  April,  1910,  appeared  in  substance  the  following 
announcement  of  the  new  course  to  begin  in  September,  1910. 

"Engineering  Shopicorl:  Efficiency  and  Production  Management.  A 
shop  laboratory  course  in  functional  foremanship  or  staff  organization. 
The  planning  department.  Class  observations  in  elementary  scientific  time 
studies.  Elimination  of  wasted  time  and  needless  effort.  Despatching. 
Ideal  conditions  and  standardized  operations.  Charting  of  production 
orders.  Detailed  order-of-work  cards.  Use  of  time  and  instruction  cards. 
Studies  of  time  and  load  factors.  Finance  calculations  and  tests  leading 
to  the  selection  or  elimination  of  machine  tools,  with  reference  to  the 
efficiency  of  the  operator,  earning  capabilities  of  tool,  and  hourly  over- 
head burden  charges  per  tool.  Tests  of  maximum  economy  in  cutting 
speeds,  shapes  and  steels.  Tests  of  power  requirements.  Experiments  on 
characteristics  of  general  and  specialized  machines.  Exhibits  of  highly 
developed  machines  by  manufacturers'  demonstrators." 

There  had  been  given  for  two  years  a  course  of  lectures  and 
reading,  required  for  the  M.E.  degree,  which  is  still  being 
carried  on  parallel  with  the  newer  course.  This  is  described  in 
the  catalog  as  follows : 

"Scientific  Discipline.  A  training  in  the  principles  of  handling  of  men, 
as  these  are  becoming  well  recognized,  clearly  defined,  standardized, 
tabulated,  accepted  and  used  by  successful,  educated  superintendents. 
The  building  up  and  preservation  of  an  organization  is  more  important 
than  the  material  equipment  of  an  engineering  property.     The  selection 
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and  training  of  officers.  Complaints,  penalties  and  wage  systems.  The 
avoidance  and  handling  of  labor  difficulties.  Trades  nnionism.  Methods, 
dangers  and  possibilities  in  the  improvement  of  -vrorking  conditions, ' ' 

The  two  courses  make  up  the  special  training  in  Scietitific 
Shop  Management. 

Lecture  courses  are  not  infrequent  at  American  universities 
on  the  subject  of  factory  management.  The  features  which  in 
the  judgment  of  the  joint  authors  give  reason  for  this  paper. 
are  the  careful  analysis  of  the  principles  of  scientific  disci- 
pline, and  more  especially  the  use  of  the  college  shops  as  a  labo- 
ratory in  the  teaching  of  scientific  engineering  shopwork. 

Scientific  Discipline. — As  regards  scientific  discipline,  col- 
leges of  engineering  are  becoming  mindful  of  the  strong  note 
of  incomplete  satisfaction  among  many  of  those  who  receive 
the  raw  product  of  such  colleges,  voiced  from  Chicago  by  one 
who  believes  all  colleges  wholly  bad,  but  hopefully  voiced 
by  a  president  of  the  American  Society  of  Mechanical  En- 
gineers, a  ''progressive'"'  in  this  society,  whose  paternity 
in  efficiency  engineering  is  without  question.  It  is  even 
alleged  that  the  college-bred  engineer  is  only  fit  to  be 
"used"  under  direction  by  the  officers  higher  up.  with  rare 
exceptions;  and  that  no  great  mechanical  enterprise  owes 
its  success  to  college  men.  It  is  possible  that  many  of  these 
at  first  unsuccessful  young  men  have  placed  too  great  a 
reliance  for  future  success  upon  a  knowledge  of  the  applica- 
tion of  the  laws  of  physical  science,  to  the  obscuration  of  the 
equal  importance  of  a  knowledge  of  the  laws  of  mental  science. 
This  attitude  is  largely  corrected  by  the  teaching  of  scientific 
discipline  or  the  handling  of  men  in  shops.  The  principles 
which  lie  at  the  foundation  of  control  of  subordinates  lend 
themselves  to  analysis  and  logical  arrangement.  An  under- 
standing of  these  principles,  enforced  by  suitable  illustration, 
applied  in  numerous  ways  familiar  to  every  educated  super- 
intendent, sends  the  young  man  at  graduation  into  the  shops 
prepared  to  learn  the  good  and  reject  the  bad  methods  of 
superior  officers,  and  to  act  wisely  when  his  own  responsibili- 
ties come  upon  him  for  the  first  time. 


TEACHING  OF  SCIENTIFIC  SHOP   MANAGEMENT.  93 

Not  everything  can  be  taught  in  a  university.  Those  sub- 
jects certainly  can  be  taught  which  are  open  to  the  "scientific 
method."  A  science  is  a  systematic  and  orderly  arrangement 
of  special  knowledge,  an  art  is  the  actual  performance  of  some- 
thing; the  art  is  doing,  the  science  is  knowing  why  and  how. 
The  salesman  should  better  succeed  in  his  art  of  selling  if  he 
can  be  conscious  of  being  in  harmony  with  the  scientific  prin- 
ciples governing  his  art.  We  know  what  the  science  of  agri- 
culture is  doing  for  that  basic  industry  of  man.  In  a  similar 
manner,  economics  is  such  an  applied,  practical  science.  In 
trade,  the  fundamental  laws  have  always  existed,  though  long 
unformulated.  Men  who  traded  in  harmony  with  such  prin- 
ciples won  success.  Those  who  violated  these  laws  had  failure 
thrust  upon  them  in  proportion  to  their  violations.  Nature 
is  inflexible,  and  in  business  as  in  health  and  morality,  ' '  igno- 
rance of  the  law  excuses  no  man."  The  penalty  for  violation 
is  as  great  as  though  for  wilful  violation.  There  was  a  mass 
of  facts,  with  true  relationships  concealed.  Economics  codi- 
fied the  natural  laws  of  trade,  makes  clear  their  relations,  and 
places  in  the  grasp  of  men  of  affairs  many  of  the  secrets  of 
success  and  failure.  Such,  also,  is  the  result  of  teaching 
scientific  discipline. 

Engineering  Shopwork. — As  regards  engineering  shopwork, 
there  has  long  been  a  feeling  among  engineering  professors 
that  college  shops  as  commonly  run  were  out  of  place  in  a 
scientific  course.  The  deficiencies  need  not  be  enumerated 
here.  The  spread  and  excellence  of  manual  training  high 
schools,  the  cooperative  shop  courses,  the  requirement  of  two 
years  of  Arts  and  Science  College  work  previous  to  entrance 
into  the  School  of  Engineering  course  (now  in  force  in  the 
University  of  ^Missouri)  during  which  boys  from  non-manual 
high  schools  can  have  opportunity  to  make  good  any  lack, 
have  made  it  possible  to  introduce  what  may  really  be  named 
"engineering  shopwork,"  shopwork  in  which  there  are  real 
and  serious  mental  problems  waiting  on  solution.  There 
can  be  no  successful  study  without  a  problem  to  be  solved, 
and  therein  lies  the  birth-history  of  the  relation  of  labora- 
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tories  to  the  "scientific  method."  It  is  true  that  there  are 
problems  outside  laboratory  courses,  as  well  as  the  latter  with- 
out problems,  but  the  laboratory  lends  itself  naturally  to  the 
presentation  and  solution  of  problems. 

Furthermore,  the  developments  of  efficiency  engineering, 
centering  in  the  functions  of  the  so-called  planning  depart- 
ments or  staffs,  have  furnished  a  new  and  very  different  sub- 
ject matter  as  compared  to  what  used  to  be  called  ''Factory 
Management."  The  right  management  of  a  complex  indus- 
trial organization  is  a  science.  Not  unsystematized  manage- 
ment nor  systematized  management,  but  scientific  manage- 
ment will  secure  efficiency.  Efficiency  is  the  test  of  successful 
management.  Efficiency  is  not  a  method  of  driving,  with 
resulting  physical  and  nervous  hardship ;  but  is  a  securing  of 
far  greater  output,  without  any  greater  fatigue.  In  the  old 
courses  upon  factory  management,  it  did  not  seem  feasible  to 
use  the  common  college  shops  as  a  laboratory.  Such  shops 
were  not  on  a  commercial  scale  of  output,  wages  were  not 
paid,  the  work  of  the  students  was  not  continuous,  the  product 
was  not  sold,  there  was  no  real  competition,  the  primary 
object  was  instruction  and  not  profit.  But  those  same  shops 
can  to-day  be  used  as  a  laboratory  for  the  problems  of  the 
planning  department.  Students  are  being  taught  to  solve  the 
problems  in  the  way  they  will  use  in  the  commercial  shop 
after  graduation.  Engineering  schools  which  have  almost 
thought  to  dismantle  their  shops,  can  be  happy  to  discover  a 
most  important  use  for  them.  Splendid  as  is  the  cooperative 
idea — and  such  shopwork  gives  a  phase  of  education  in  man- 
understanding  forever  impossible  in  the  college  shop — yet 
"until  the  cooperating  shop  has  been  "  efficiency-ized, "  such 
shopwork  will  lack  the  training  easily  possible  in  college 
shops  when  conducted  to  teach  the  engineering  shopwork  of 
this  paper. 

The  department  of  Mechanical  Engineering  of  the  Univer- 
sity of  Missouri  has  had  one  year  of  experience  in  teaching 
engineering  shopwork.  "WTiat  is  there  to  report  to  this 
Society?     Of  course  the  before-mentioned  ideas  were  already 
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known  to  any  teacher  who  had  given  the  matter  thought. 
Before  starting  the  new  course,  the  authors  of  this  paper 
made  such  a  study  of  efficiency  engineering  and  particularly 
of  its  application  to  the  management  of  shops,  as  was  possible 
for  them.  One  went  to  a  single  instance  of  the  installation  of 
the  new  idea,  under  especially  favorable  conditions  for  get- 
ting an  understanding  of  the  situation.  The  plant  was  in  the 
process  of  change,  some  departments  having  become  fully 
efficiency-ized,  and  others  not.  The  product  was  large  and 
varied,  a  part  of  the  officers  sceptical,  the  efficiency  engineer 
a  mighty  good  fellow  who  took  the  professor  quite  to  his  heart. 
The  visit  was  prolonged  and  invaluable.  Later  that  same 
engineer  came  from  New  England  out  to  Missouri  at  bare 
travelling  expenses  without  consultation  fee,  after  one  sem- 
ester of  teaching  problems  had  been  met  more  or  less  satis- 
factorily, and  staid  with  us  one  week,  working  almost  day  and 
night.  It  is  proper  that  we  should  here  publicly  thank  Mr. 
Miner  Chipman,  of  the  staff  of  Harrington  Emerson.  The 
other  author  spent  a  large  part  of  last  summer  in  visiting 
probably  every  shop  which  had  introduced  or  was  introducing 
efficiency  engineering  in  the  region  included  between  Topeka, 
Chicago,  Milwaukee,  Cincinnati,  Pittsburgh  to  Philadelphia. 
Also  some  shops  in  New  York  and  New  England.  His  more 
especial  attention  was  given  to  shops  running  under  "Western 
conditions,  if  perchance  there  might  be  any  differences,  since 
the  new  course  was  to  be  given  in  the  Mississippi  Basin.  As 
the  one  author  gave  somewhat  more  study  to  the  Emerson 
methods,  so  the  other  author  made  a  special  visit  upon  Mr. 
F.  W.  Taylor,  and  it  is  also  proper  for  us  to  give  him  our 
thanks.  It  is  believed  that  a  course  of  this  sort  can  properly 
be  introduced  only  by  professors  who  have  had  a  responsible 
shop  experience  following  their  actual  work  as  ordinary 
mechanics,  at  some  previous  period  in  their  history. 

The  course  in  scientific  discipline  has  been  regularly  given 
to  classes  in  full  (the  outline  in  this  paper  being  but  meager), 
for  the  same  course  has  been  given  for  several  years. 

The  course  in  engineering  shopwork  was  somewhat  fully 
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outlined  in  the  catalog,  since  we  wished  to  set  a  high  mark 
which  might  or  might  not  be  reached  the  first  years.  The 
course  was  made  elective  the  first  year,  in  order  not  to  have 
an  unwieldy  class,  and  that  those  who  were  to  bear  the  brunt 
of  pedagogical  experiments  might  do  so  with  eyes  wide  open. 
They  worked  loyally  in  developing  the  untried  course,  and  in 
turn  received  full  value  in  an  understanding  of  the  portion 
studied.  We  overheard  them  telling  other  students  what 
''good  stuff"  those  other  students  were  missing  by  not  having 
elected  the  course.     They  were  always  intensely  interested. 

The  students  in  the  course  were  upperclassmen,  and  the 
underclassmen  in  part  were  used  as  a  laboratory.  First  a 
study  was  made  of  the  available  literature  of  the  subject. 
This  was  parcelled  out,  read,  reported  upon  and  discussed. 
It  was  realized  that  the  fundamental  principles  must  be 
studied,  and  not  mere  top-heavy  systems.  Obsers-anee  of  this 
will  make  the  wise  man  omit  some  books  and  chapters  of 
books  now  on  the  market.  After  the  public  became  interested 
in  the  Brandeis  hearings  the  past  winter  before  the  Interstate 
Commerce  Commission,  the  bulk  of  literature  suddenly  in- 
creased and  bids  fair  to  become  enormous.  A  card  index  of 
all  literature  was  formed  by  the  class  in  September. 

The  class  was  organized  into  a  staff,  each  student  having  a 
special  function  to  perform.  (That  this  was  unwise  is  shown 
later.)  The  personnel  contained  the  following  officers:  Mill 
Manager,  from  the  Faculty,  Chief  of  Staff,  Engineer,  Supt.  of 
Standard  Time,  Asst.  Supt.  of  Standard  Time,  Despatcher, 
Chief  Draftsman,  Cost  Clerk, 

Duties  of  Officers. — Chief  of  Staff.  Keep  a  record  of  all 
meetings  of  classes,  keep  a  line  on  all  work  the  men  are  doing, 
see  that  they  are  doing  all  of  their  work,  see  that  no  one  is 
infringing  upon  any  one  else's  work,  see  that  all  reports  are 
properly  made  out  and  filed,  and  act  as  a  go-between  for  the 
jNIill  Manager  and  the  Staff'. 

Engineer.  Study  the  equipment,  its  efficiency,  and  condi- 
tion, cost  of  power,  management  of  shops,  arrangement  of 
machines  and  the  installation  of  new  machines,  repairs,  tools, 
etc. 
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Supt.  of  Standard  Time.  Make  time  studies,  especially  in 
the  machine  shop  and  the  forge  shop,  establish  standard  time, 
assist  in  making  shop  cards. 

Asst.  Supt.  of  Standard  Time.  Assist  Supt.  of  Standard 
Time,  make  time  studies,  especially  in  the  wood  and  pattern 
shops,  and  in  general  the  same  duties  as  the  Supt.  of  Standard 
Time. 

Despatcher.  See  that  the  work  goes  through  without  any 
delay,  make  suggestions  for  time  cards  and  drawings,  give 
any  spare  time  to  time  studies  in  the  machine  shop. 

Chief  Draftsman.  See  that  all  drawings  necessary  are 
made  on  time,  are  correct,  and  in  the  best  form  for  the  shop 
conditions. 

Cost  Clerk,  See  about  the  stock  on  hand,  look  after  the 
cost  of  materials,  tools  and  power,  and  devise  a  system  for 
rewarding  the  men  for  their  work  that  will  be  suited  to  the 
particular  conditions  of  this  shop. 

All  men  are  to  assist  in  whatever  work  for  which  they  can 
spare  the  time,  make  as  many  as  possible  of  their  reports  in 
typewriting,  all  important  work  to  be  thus  reported  on  the 
first  ]\Ionday  following  the  work,  step  by  step,  not  waiting  for 
the  completion  of  the  .job. 

The  above  was  the  first  and  most  serious  mistake.  Students 
are  untrained,  and  their  available  time  is  too  brief.  It  is  not 
possible  for  any  one  student  to  do  a  staff  job  with  proper 
thoroughness.  He  will  run  behind.  For  example,  it  would 
take  the  entire  time  of  an  expert  to  ''dispatch."  Hence  in 
college  an  elaborate  system  of  dispatching  is  not  feasible.  Put 
the  boys  all  together  on  "records"  and  again  on  "time 
studies. ' '  The  mistake  was  not  corrected  until  the  beginning 
of  the  second  semester.  It  is  better  to  concentrate  than  to 
generalize.  Where  the  class  is  divided  into  committees,  ap- 
point one  man  in  each  committee  to  be  responsible  for  that 
committee  to  the  Professor,  and  to  see  that  each  man  in  his 
committee  understands  and  does  what  he  should. 

Staff  meetings  or  planning  department  conferences  were 
held  weekly,  at  which  progress  reports  were  presented  both 
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verbally  and  in  writing.  "Wlien  in  writing,  duplicates  were 
^ven  to  all.  The  class  made  a  study  of  each  feature  con- 
cerned in  the  work  of  the  manual  arts  shops,  such  as  tool-room 
methods,  small  tools,  location  of  machines,  improvement  of 
machines,  defective  belting  (a  source  of  great  loss),  speed- 
meter  work,  methods  of  teachers,  methods  of  students,  etc. 
No  subject  was  too  sacred  for  investigation.  In  the  real  thing 
the  very  highest  offices  get  investigated,  the  most  serious  faidts 
being  often  found  there.  Turn  a  student  loose,  and  trust  him 
that  he  will  find  flaws  in  the  way  he  or  his  underclass  friends 
are  being  taught.  Not  all  of  his  objections  are  justified,  and 
he  may  not  commonly  know  the  best  remedy  needed,  but 
happy  is  that  college  that  is  willing  to  invite  the  criticisms  of 
its  students  while  they  are  yet  students.  To  quote  from  a 
thesis  just  read  by  the  authors  of  this  paper:  ''The  Univer- 
sity of  Missouri,  as  far  as  I  can  ascertain,  is  the  leader  at 
present  in  the  teaching  of  shop  management  and  the  handling 
of  men  or  scientific  discipline,  but  it  will  have  to  continue  to 
improve  to  hold  that  place,  as  great  plans  are  being  made  by 
other  institutions,  notably  at  Worcester  Polytechnic  Insti- 
tute." The  effect  of  the  year's  work  has  been  good  in  every 
way.  Students  talk  efficiency,  professors  talk  efficiency,  both 
have  been  stimulated,  and  this  is  true  of  those  students  and 
professors  who  have  had  no  personal  share  in  the  course.  The 
spirit  of  the  Mechanical  Department  has  not  only  not  suffered, 
but  it  has  never  been  finer. 

In  the  above  mentioned  study,  defects  were  remedied  when 
time  and  money  were  available.  During  all  of  these  prelim- 
inary studies,  and  those  to  follow,  it  must  not  be  forgotten 
that  the  primary  purpose  of  manual  arts  shops  is  educational. 
Changes  are  asked  or  declined  as  they  may  affect  educational 
matters,  the  educational  being  paramount :  changes  which 
would  be  treated  in  contrary  fashion  were  the  shops  com- 
mercial. This  does  not  in  any  way  vitiate  the  application  of 
efficiency.  In  fact,  the  peculiar  difficulties  imposed  for  peda- 
gt^cal  reasons  do  actually  make  clearer  the  real  efficiency 
principle;  revealing  the  principle  as  a  principle  rather  than 
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as  a  hard  and  fast  system.  One  of  the  serious  errors  into 
which  the  half-baked  cateher-up  of  what  he  thinks  is  efficiency 
engineering  falls  (and  we  are  not  at  this  moment  referring  to 
college  students),  is  his  taking  the  shadow  for  the  reality,  the 
system  for  the  principle,  the  method  for  the  fundamental 
science.  Therefore,  instead  of  the  pedagogical  limitations 
being  a  hindrance,  they  are  really  an  aid  to  good  teaching  of 
efficiency  engineering  by  compelling  the  student  mind  to  get 
out  of  the  rut  of  the  shop  thinker.  That  is  why  the  Emerson 
articles  harp  so  seemingly  interminably  upon  their  everlast- 
ing illustrations  drawn  from  trees,  human  bodies,  the  Franco- 
German  war,  the  Nipponese,  etc.  He  wants  the  reader  to 
see  the  law,  the  principle,  the  general  efficiency  fact  which 
can  be  applied  in  many  different  ways  to  industries  as  varied 
as  steel  making,  boarding-house  keeping  and  education. 
Every  smallest  situation  met  by  an  efficiency  engineer  in  a 
plant  is  different  from  all  other  situations,  and  he  must  meet 
it  ^vith  a  clear  knowledge  of  fundamental  scientific  principles, 
so  that  he  may  solve  the  individual  difficulty  in  the  peculiar, 
just-right  way.  That  is  why  a  la^\'yer  of  our  acquaintance  has 
become  so  good  an  efficiency  engineer;  his  previous  training 
had  accustomed  him  to  look  at  every  side  of  a  case,  impartially, 
coldly,  painstakingly,  alert  for  the  weak  spot,  when  found — 
hot  with  the  quick  iron.  Your  rule-of-thumb,  half-baked 
efficiency  ( ?)  engineer  (God  save  the  mark)  goes  and  applies 
a  "system,"  makes  a  costly  botch  of  his  job,  maybe  the  labor 
union  gets  justly  roiled  at  his  "driving,"  and  the  owner  or 
employee  or  both  tell  the  public  that  efficiency  engineering  is 
guesswork,  a  farce  and  a  failure.  The  trouble  is,  that  the  pet 
system  was  ill-chosen  because  blindly  chosen.  Not  system,  but 
principles,  not  methods,  but  principles,  are  needed.  Scien- 
tific management  is  not  a  natural  outgrowth  of  systems  or 
even  of  system.  It  is  not  an  evolution.  It  is  rather  a  rever- 
sion to  type.  A  great  industry  under  scientific  management 
closely  resembles  in  its  essentials  the  small  shop,  in  which  the 
owner  and  his  few  men  intimately  connected  with  him  were 
studying  and  working  intelligently  and  harmoniously  with  a 
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view  to  perfecting  the  operation.  In  solving  the  problems  of 
inefficiency  in  the  large  shop,  the  greater  burden  should  rest 
upon  the  management  and  the  smaller  upon  the  men.  The 
unscientific  large  shop  has  a  manager  most  distantly  removed 
from  a  vital  connection  with  the  operation,  and  the  latter  is 
left  to  those  unable  to  give  it  intelligent  study.  The  perform- 
ance thus  becomes  the  concern  of  the  less  intelligent  help.  The 
management  performed  its  function  when  the  order  went 
from  the  office  to  the  shop,  and  was  then  free  from  further 
concern  until  the  job  was  completed.  Introduction  of  system 
has  helped  some,  by  following  the  order  and  checking  it  at 
various  stages  of  the  work.  The  highest  development  of 
system,  however,  has  been  found  to  lead,  not  towards  the 
essentials  and  a  solution  of  the  problem  but  away  from  them. 
Therefore  a  new  start  has  had  to  be  made  in  the  large  shop — 
a  reversion  to  the  small  shop  type  by  a  discovery  and  study  of 
fundamental  scientific  principles.  A  college  is  just  the  place 
to  start  young  men  into  right  ideas  of  principles,  in  the  atmos- 
phere of  impartiality  and  investigation. 

The  class  prepared  to  engage  in  elementary  time  and  motion 
studies  in  machine,  forge,  and  wood  shops.  For  example  a 
simple  job  of  making  a  pattern  was  chosen.  The  work  was 
subdivided  into  operations.  Drawings  were  made,  with  each 
important  step  shown.  A  list  of  all  operations  was  also  made 
out.  After  a  report  and  conference  in  the  planning  depart- 
ment, blue  prints  of  these  drawings  and  lists  were  issued  to 
the  freshmen  as  detailed  order-of-work  cards.  In  a  college 
shop,  too  much  detailing  of  instructions  must  be  avoided.  The 
freshman  must  be  allowed  some  initiative  and  choice  of 
methods,  for  his  own  good.  Also,  for  the  senior's  good,  there 
must  be  by  him  a  study  of  all  the  freshmen  in  his  group,  in 
order  that  he  may  learn  from  them  still  more  of  what  are  the 
best  methods.  Then  watches  were  held  upon  the  freshmen  and 
the  time  taken  for  each  elementary  operation.  These  time 
studies  showed  that  some  of  the  elements  were  not  sufficiently 
subdivided  for  best  time  and  motion  study.  In  actual  effi- 
ciency engineering  practice,  it  is  sometimes  a  study  of  months, 
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to  determine  elements,  before  beginning  the  time  study.  The 
senior  may  need  to  ask  the  shop  instructor's  help  and  advice. 
!More  time  studies  were  taken,  results  discussed,  lost  time 
pointed  out.  Improvements  were  made,  tending  towards 
ideal  conditions.  Each  machine,  for  instance,  had  all  neces- 
sary tools  placed  in  a  tray  in  the  tool  room,  and  the  tray 
issued  thence  to  the  workman.  The  blue  print  was  fastened 
to  a  stand  convenient  to  the  man's  eyes  when  at  work. 

This  analytical  study  of  minute  elements,  with  the  improve- 
ments, was  followed  by  synthesis.  Out  of  the  synthesis  was 
evolved  the  science  and  art  of  making  the  article.  This 
science  and  art  take  the  place  of  insufficient  knowledge  and 
rule-of-thumb  method,  and  it  must  be  evolved  by  the  manage- 
ment itself,  not  by  the  workman.  Scientific  management  rests 
upon  a  definite  and  sufficient  knowledge  of  everything  con- 
nected with  the  manufacturing  of  a  line  of  goods,  and  has  as 
its  aim  efficient  production.  As  in  the  old,  small  shop,  the 
brains  are  now  concentrated  on  the  actual  making  of  the 
article. 

"Standard  time"  for  this  perfected  job  of  pattern  making 
was  discussed  by  the  class,  and  decided  upon.  Time  cards  of 
the  freshmen  were  assorted,  and  compared  with  the  standard 
time.  The  percentage  of  efficiency  was  figured,  and  a  paper- 
bonus  awarded  to  each  of  the  freshmen  earning  it.  In  the 
college  shops,  it  is  probably  not  wise  to  tell  the  shop  men  what 
efficiency  or  bonus  the  time  study  on  them  shows.  The  work 
is  done  for  the  good  of  the  seniors,  and  when  that  good  is 
attained,  stop. 

Despatching  was  instituted.  A  despatch  board  built.  Ser- 
vice cards  planned,  compared,  discussed,  adopted.  A  student 
would  be  given  two  wood  lathes  and  seven  wood-working 
benches  to  despatch.  Without  interfering  with  the  instructor, 
it  was  "up  to"  him  to  keep  his  freshmen  supplied  with  work, 
and  these  two  machines  busy  earning  their  keep.  He  was  told 
that  he  must  work  without  interfering  with  the  education  of 
those  freshmen  in  any  way,  he  must  not  tell  them  what  to  do 
or  what  not  to  do,  or  how  to  do  anything,  therein  being  in  a 
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predicament  similar  to  the  efficiency  engineer  who  is  required 
to  institute  reforms  without  killing  output.  If  the  senior 
bothers  the  class  or  the  instructor,  put  him  out  or  make  him 
practice  time-study  on  street  or  university  farm  laborers; 
until  he  comprehends  that  tact  is  part  of  his  function.  If  a 
shop  instructor  was  found  who  rather  looked  askance  at  what 
he  feared  was  to  be  an  interfering  with  his  teaching,  the  situa- 
tion was  welcomed  rather  than  otherwise;  it  compelled  the 
senior  to  exercise  more  tact,  and  he  had  to  do  his  work  and 
make  the  instmetor  like  to  have  him  around-  Some  one  in  this 
audience  will  call  that  an  unconquerable  optimism,  a  great 
strain  on  the  senior,  a  coming  up  Kmiling  no  matter  how  many 
underhanded,  mean  and  dirty  kicks  he  gets.  That's  right! 
And  that  is  just  what  a  full-grown  efficiency  engineer  has  to  do. 
If  a  man  is  looking  for  a  nice,  easy  time  of  smooth  sailing  as 
an  efficiency  engineer,  because  he  thinks  he  has  the  owner  on 
his  side,  that  man  is  a  good  one  hundred  per  cent.  fool.  He 
must  ''get  solid''  with  all  the  unprogressive  foremen  in  the 
plant,  and  simply  make  them  like  him  and  believe  in  his 
methods.  The  senior  is  fortunate  if  he  can  have  a  taste  of 
that  sort  of  thing. 

In  some  of  the  work,  seniors  study  the  work  of  each  other, 
and  sometimes  the  work  of  an  expert  instructor.  Competi- 
tions were  carried  on,  and  the  reasons  for  success  and  failure 
were  discussed.  Street  laborers  and  other  workers  were 
informally  time-studied  by  students  in  off  hours.  Station 
stops  on  the  Wabash  Bailroad  were  similarly  time  studied.  It 
was  evident  that  late  trains  did  not  need  to  be  so  late,  or 
even  late  at  all  in  some  instances.  A  study  was  made  of  the 
culinary  department  at  the  big  University  dining  hall,  a 
report  made  to  the  rest  of  the  ck-s  i:::  :  : :  :iie  manager  of  the 
dining  halL 

A  side  light  on  using  the  opportunity  was  afforded  in  the 
semester  just  ended  when  our  shops  were  destroyed  by  fire. 
Thirty-six  hours  later,  the  efficiency  class  was  busy  planning 
temporary  shops  and  equipment,  which  were  installed  in 
record  time.  It  was  at  this  period  that  the  University  dining 
hall  was  studied. 
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During  the  year,  a  highly  specialized  machine  was  brought 
to  the  University,  and  the  makers  sent  an  expert  demonstrator 
to  operate  it.  This  was  used  to  turn  out  a  very  great  amount 
of  product,  showing  such  a  machine's  commercial  possibilities. 
This  summer,  after  correspondence  and  by  invitation  of  the 
makers,  one  of  the  authors  is  to  spend  several  days  at  the 
makers'  works,  and  show  them  what  is  wanted  by  us  next  year 
in  their  various  demonstrations  before  our  students  and  in  our 
time  studies  in  connection  therewith. 

Should  objection  be  made  that  in  college  there  is  no  method 
of  reward  for  individual  increased  efficiency,  it  ought  to  be 
remembered  that  of  the  twelve  Emerson  "principles  of  effi- 
ciency," only  the  last  one  is  a  reward.  An  efficiency  engi- 
neer can  make  tremendous  savings  by  the  other  eleven.  Some' 
efficiency  engineers  advocate  omitting  the  reward,  in  cases 
where  at  first  they  may  find  intense  union  opposition  to  the 
new  ideas,  or  for  other  sufficient  reasons.  It  is,  however,  pos- 
sible to  have  rewards  in  college  for  those  who  attain  greater 
efficiency.  These  rewards  may  be:  to  let  the  student  out 
early,  to  give  him  advanced  work,  give  him  work  he  desires, 
higher  grades,  additional  hours  towards  graduation,  money 
from  the  manufacture  of  small  duplicate  parts  for  local  fac- 
tories or  others  near  by. 

As  fast  as  improved  pedagogical  methods  are  found  to 
conserve  the  students'  time,  additional  items  in  engineering 
shopwork  will  be  introduced.  Perhaps  half  of  the  class  will 
follow  the  strict  Taylor  system,  the  other  half  the  strict  Emer- 
son system;  or  a  third  group  may  select  from  both  systems, 
following  neither  exactly.  Graphs  will  be  made  of  improve- 
ments of  men  in  the  machine  shop,  as  they  get  more  famili- 
arity with  machine  work.  The  "exception"  system  of  reports 
will  be  employed.  Studies  in  fatigue  will  be  carried  on,  for 
efficiency  engineering  must  not  cause  undue  fatigue.  The 
department  of  experimental  psychology  has  become  interested, 
and  methods  are  already  in  mind  for  the  expert  selection  of 
temperaments  and  physique  for  certain  sorts  of  shopwork, 
instead  of  the  existing  "judgment"  of  employer  or  foreman,. 
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or  the  long  process  of  cut  and  try.  One  of  the  professors  of 
economics  has  become  intensely  interested,  and  we  expect  good 
help  from  him,  and  the  help  will  be  reciprocal.  The  Presi- 
dent promises  to  fit  up  a  special  shop  laboratory  for  the  use  of 
some  of  the  efficiency  courses.  The  superintendent  of  a  large 
local  factory  is  getting  interested,  and  there  promises  to  be  a 
good  laboratory  opportunity  there.  Building  and  paving 
operations  in  town  and  University  afford  an  extensive  field, 
since  the  city  has  doubled  and  the  University  trebled  in  this 
decade. 

It  is  probable  that  courses  will  soon  be  developed  especially 
adapted  for  teaching  civil  engineering  students,  electrical 
engineers  and  chemical  engineers.  We  are  thinking  of  put- 
ting the  mechanical  laboratory  and  the  mechanical  drafting 
rooms  on  an  efficiency  basis,  making  the  usual  preliminary 
studies,  of  course.  In  fact  this  year  a  class  in  drafting  room 
management,  made  up  of  students  not  in  the  course  in  Engi- 
neering Shopwork,  has  outlined  the  methods  for  doing  this. 

Being  a  state  university,  we  plan  later  to  invite  the  owners 
of  industries,  including  the  railroads,  to  detail  certain  of  their 
officers  to  come  to  the  university  free  of  charge  and  take 
studies  in  Scientific  Management.  "Woodworking  has  ap- 
parently not  been  studied  after  the  manner  of  Taylor's  "Art 
of  Cutting  Metals."  It  is  a  cheap  material  to  buy  and  work, 
machines  and  tools  are  inexpensive,  colleges  seldom  have  any 
superfluity  of  money,  and  for  the  sake  of  the  students  a  line 
of  research  may  be  entered  upon  in  this  subject. 

A  state  university,  with  its  intimate  relations  to  the  state, 
is  under  special  obligations  to  serve  its  state.  A  number  of 
good  things  along  efficiency  lines  suggest  themselves  for  this 
service,  many  of  them  entirely  outside  of  shopwork.  Our 
comparatively  young  Engineering  Experiment  Station  may 
profitably  take  up  some  of  this  work,  and  thus  still  further 
justify  its  existence  by  an  added  service  to  Missouri,  or  rather, 
to  all  of  its  inhabitants.  A  state,  especially  if  largely  agricul- 
tural, needs  extensive,  diversified  manufacturing  industries  if 
it  would  be  well  balanced,  most  prosperous  and  progressive. 
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A  state  university  should  promote  its  state's  growth  and  effi- 
ciency in  this  direction. 

There  is  incentive  for  thought  and  action  in  this  extract 
from  Frank  B.  Gilbreth's  new  book  on  Motion  Study: 

* '  There  is  no  waste  of  any  kind  in  the  world  that  equals  the  waste 
from  needless,  ill-directed,  and  ineffective  motions.  .  .  .  Tremendous  sav- 
ings are  possible  in  the  work  of  everybody — they  are  not  for  one  class, 
they  are  for  the  trades  only;  they  are  for  the  officers,  the  schools, 
the  colleges,  the  stores,  the  households,  and  the  farms.  ...  It  is  obvious 
that  these  improvements  must  and  will  come  in  time.  But  there  is 
inestimable  loss  in  every  hour  of  delay.  The  waste  of  energy  of  the 
workers  in  the  industries  today  is  pitiful.  ...  In  the  meantime,  while 
we  are  waiting  for  the  politicians  and  educators  to  realize  the  importance 
of  this  subject  and  to  create  the  bureaus  and  societies  to  undertake  and 
complete  the  work,  we  need  not  be  idle.  There  is  work  in  abundance  to 
be  done.  Motion  study  must  be  applied  to  all  the  industries.  Our  trade 
schools  and  engineering  colleges  can: 

1.  Observe  the  best  work  of  the  best  workers. 

2.  Photograph  the  methods  used. 

3.  Eex!ord  the  methods  used. 

4.  Eecord  outputs. 

5.  Eecord  costs. 

6.  Deduce  laws. 

7.  Establish  laboratories  'for  trying  out  laws.' 

8.  Embody  laws  in  instructions. 

9.  Publish  bulletins. 

10.  Cooperate  to  spread  results  and  to  train  the  rising  generation." 

Such,  from  one  qualified  to  speak  by  years  of  expert  experi- 
ence. And  yet  his  words  refer  to  but  one  phase  of  the 
subject  of  scientific  management. 

Visits  to  Columbia  began  during  the  semester  just  ended, 
for  the  purpose  of  investigating  what  has  been  attempted.  A 
most  cordial  invitation  is  extended  to  anyone  for  this  purpose 
at  any  time  during  the  coming  year,  when  all  seniors  in  me- 
chanical engineering  at  the  University  of  Missouri  will  be 
required  to  take  the  courses  in  engineering  shopwork  and 
scientific  discipline. 

BiBLIOGRAPHT. 

Principles  of  Scientific  Management,  Taylor. 
"Work,  Wages,  and  Profit,  Gantt. 
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EfficiencT.  Emerson. 

Art  of  Cutting  Metals.  Tavlor. 

Principles  of  Industrial  Engineering,  Giving. 

Betterment  Briefs,  Jacobs. 

Motion  Studv.  Gilbreth. 

Docket  Xo.  3400  before  the  Interstate  Commerce  Commission,  Brandeis. 

Cost  Keeping  and  Scientific  Management,  Evans. 

Principles  of  Argumentation,  Baker  iS:  Huntington. 

Bricklaying  System.  Gilbreth. 

Shop  Management,  Taylor. 

Principles  of  Machine  Work.  E.  H.  Smith. 

Methods  of  the  Santa  Fe,  Going. 

Field  System,  Gilbreth. 

Profit-Making  Management,  Carpenter. 

High  Speed  Steel.  Becker. 

Concrete  System.  Gilbreth. 

Expense  Burden,  Church. 

And  many  papers  in  the  Transactions  of  tTie  American  Society  of 
Media n  ica I  Engineers. 

Discussion. 

President  Talbot:  Efficiency  seems  to  be  the  watchword  of 
the  day.  This  is  a  very  interesting  and  valuable  paper  and  it 
is  now  open  for  discussion. 

Professor  E.  J.  Kunze:  I  am  thoroughly  in  accord  with 
Professor  Hibbard's  ideas  on  the  training  of  the  efficiency 
engineer.  Handling  men  is  one  of  the  important  things  that 
the  engineer  has  to  do.  It  is  quite  as  important  as  handling 
things.  The  engineering  student  should,  therefore,  be  taught 
to  handle  men  as  well  as  materials.  During  the  past  year 
such  a  course  has  been  introduced  in  the  Micliigan  Agricul- 
tural College.  It  is  correlated  very  closely  with  the  machine 
design  and  shop  courses.  For  instance,  in  the  case  of  jigs;  the 
jigs  designed  in  the  drafting  room  were  afterwards  made  up 
in  the  shop  by  students  and  we  expect  to  use  the  jigs  in  the 
manufacture  of  certain  parts  of  our  equipment.  The  work  in 
office  management  was  also  taken  up,  and  such  matters  as 
standardizing  conditions  in  the  drafting  room  and  other  parts 
of  a  work,  forge  shop  and  foundry,  etc.,  were  considered.    We 
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use  a  standard  system  in  the  drafting  room,  standard  pattern 
numbering  and  a  standard  pattern  storing  system. 

As  Lansing  has  a  great  many  automobile  factories  it  lends 
itself  very  well  to  inspection  purposes.  We  make  a  great  deal 
of  specialized  inspection  trips.  We  inspect,  for  instance, 
turret  lathe  methods  and  other  allied  matters  on  a  given  after- 
noon, or  we  might  concentrate  attention  on  jigs,  depending  on 
the  subject  matter  which  is  being  taken  up  at  the  time. 

There  is  another  feature  that  we  expect  to  introduce  to  give 
the  students  an  idea  of  the  amount  of  time  that  should  be 
taken  to  finish  a  piece.  We  shall  put  on  a  blueprint  the  time 
that  a  regular  mechanic,  with  the  equipment  available  to  the 
student,  would  require  to  complete  the  operation  or  to  finish 
the  piece  of  work.  Attention  will  also  be  called  to  the  cost  of 
that  time  and  of  the  equipment  used  and  the  comparative  cost 
of  making  that  same  piece  under  improved  conditions  in  which 
a  special  machine  tool,  jig,  or  automatic  machine  is  used. 
Our  object  is  not  to  press  the  student  unduly.  He  is  allowed 
time  to  do  a  good  job,  but  he  knows  while  he  is  doing  it  that 
it  ought  to  be  done  in  a  certain  shorter  time.  He  knows  his 
rate  and  the  rate  at  which  he  ought  to  work.  Thus  he  is  study- 
ing production  while  he  is  producing. 

I  believe  that  it  is  possible  to  teach  a  certain  amount  of 
foremanship  to  students.  One  of  the  best  examples  of  that  is 
at  Pratt  Institute,  where  they  have  a  foremanship  system  in 
which  students  are  allotted  work  of  supervision  in  the  shop  as 
well  as  in  the  laboratory  and  drawing  room.  By  that  means 
they  become  familiar  with  the  handling  of  men. 

Mr.  Kent:  There  are  a  good  many  sides  to  this  question, 
one  of  which  was  exemplified  recently.  An  alumnus  of  a  cer- 
tain large  technical  college  in  this  country  wrote  the  president 
asking  if  it  would  not  be  a  good  thing  to  introduce  a  course  of 
lectures  on  scientific  management.  The  president  replied,  ''If 
we  introduce  all  the  things  we  are  asked  to  introduce  there 
would  not  be  any  time  for  study,"  and  declined  to  do  any- 
thing whatever.  The  reason  for  this  reply  is  that  the  presi- 
dent is  a  man  so  full  of  ideas  himself  that  he  has  no  room  for 
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any  new  ones.  He  is  like  a  flywheel  at  high  speed,  charged 
with  energy  but  with  no  chance  to  take  on  any  more.  This 
idea  of  scientific  management  is  being  thrown  off  tangentially 
by  perhaps  the  majority  of  men  in  this  country,  because  they 
have  not  been  educated  up  to  it. 

I  consider  the  new  departure  in  using  the  shop  of  the  college 
as  a  laboratory  for  scientific  management  a  good  beginning. 
I  do  not  know  whether  it  will  succeed  or  not,  but  if  Professor 
Hibbard  has  a  new  idea  and  has  a  chance  to  try  it  out,  he 
should  certainly  do  so.  I  hope  that  two  or  three  years  hence 
he  will  bring  in  another  paper  showing  how  the  plan  works 
and  what  modifications  he  has  had  to  make.  This  question  of 
laboratory  practice  in  scientific  engineering  is  now  about  where 
manual  training  was  thirty  years  ago  when,  in  the  manual 
training  schools  in  St.  Louis,  Professor  Woodward  showed  me 
boys  hammering  sheet  lead  into  shape  before  they  began  with 
hot  iron,  a  kindergarten  method.  But  that  very  kindergarten 
method  has  revolutionized  many  of  our  ideas.  So  it  may  be 
with  teaching  engineering  in  the  college  workshop ;  it  is  a 
kindergarten  method.  It  has  about  the  same  relation  to  actual 
efficiency  in  the  shop  that  the  manual  training  teaching  of  a 
boy  with  the  hand  saw  has  to  the  modem  sawmill  with  all  its 
modern  machinery.  But  I  believe  it  is  a  good  thing  to  go  as 
far  as  you  can.  even  in  a  small  experimental  way.  If  you  pass 
the  boy  through  a  college  course,  with  the  ordinary  training 
and  without  saying  anything  about  efficiency,  he  goes  out 
entirely  ignorant  of  an  important  part  of  the  engineer's  life. 

It  is  only  forty  years  since  the  first  mechanical  engineering 
coUege  was  started  in  this  country.  This  idea  of  efficiency  in 
engineering  is  today  where  mechanical  engineering  was,  in  the 
schools,  forty  years  ago.  Very  few  people  in  the  country  then 
believed  it  was  possible  to  teach  mechanical  engineering  in  the 
schools.  Such  teaching  now  is  tmiversal.  So  we  may  teach 
efficiency  in  engineering  in  the  schools,  although  the  begin- 
nings are  so  small. 

There  is  a  gradual  broadening  out  in  the  idea  of  what  engi- 
neering is.     It  has  been  said  that  engineering  is  the  science 
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and  art  of  directing  the  great  sources  of  power  in  nature  for 
the  benefit  of  man,  the  sources  of  power  referred  to  being 
wind,  water  stored  at  an  elevation,  the  energy  stored  in  fuel, 
and  the  muscular  power  of  animals.  And  the  fundamental 
studies  necessary  for  engineering  under  the  old  idea  were 
English,  mathematics,  drawing,  physics  and  chemistry.  To 
these  fundamental  subjects  we  now  have  to  add  two  more: 
economics — what  you  can  do  with  a  dollar — and  human  nature 
— what  you  can  do  with  men.  And  those  things  are  as  neces- 
sary parts  of  the  work  of  the  engineer  today  as  mathematics, 
because  the  engineer  today  is  not  merely  the  man  in  the  draw- 
ing room.  He  designs  things,  but  he  is  the  captain  of  indus- 
try, the  man  who  has  charge  of  the  whole  business.  Now 
engineering  has  a  new  definition — overcoming  the  resistances 
of  nature,  including  human  nature.  The  engineer  today  is  in 
charge  of  the  productive  industries  of  the  world;  and  our 
engineering  industry  is  evolving  those  two  elements,  economics 
and  knowledge  of  human  nature.  I  am  glad  that  Professor 
Hibbard  is  a  pioneer  in  teaching  one  of  these  things,  the  study 
of  human  nature. 

Professor  A.  L.  Williston:  Professor  Hibbard  has  called 
our  attention  to  a  matter  of  great  importance.  He  uses  the 
phrase,  "those  institutions  that  are  considering  dismantling 
their  shops."  That  phrase  calls  to  mind  the  fact  that  there 
has  been  a  tendency  during  the  last  ten  or  fifteen  years  to 
attach  less  and  less  importance  to  the  shop  work  in  colleges  of 
engineering.  Our  shops  have  been  manned  very  largely  by 
low-priced  and  inefificient  men.  The  available  money  has  been 
spent  in  other  directions.  There  has  been  a  tendency  to  crowd 
the  shop  work  into  the  early  years  of  the  course  instead  of 
saving  a  place  for  it  during  the  later  years.  There  has  been 
a  tendency  in  other  places  to  crowd  it  into  the  summer  and  to 
decrease  the  time,  interest  and  attention  given  to  this  very  im- 
portant and  essential  part  of  the  training  for  modern  engi- 
neering. There  is,  however,  at  least  one  institution  that  has 
really  gotten  the  ablest  and  best  men  of  the  institution 
thoroughly  interested  in  studying  the  possibilities  of  the  shops 
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as  a  means  of  training  engineers.  I  do  not  want  to  endorse 
in  detail  the  ideas  presented  in  the  paper  or  the  ways  in  which 
they  have  been  worked  out  during  the  current  year,  but  I  do 
endorse  most  heartily  the  principle  of  getting  the  best  men  in 
the  institution  at  work  on  the  problem  of  determining  how 
shops  can  be  made  most  useful  in  training  mechanical  and 
industrial  engineers. 

During  the  past  ten  or  fifteen  years,  while  a  decreasing 
amount  of  attention  has  been  given  to  actual  shop  practice, 
there  has  been  a  tendency  to  increase  the  number  of  lecture 
courses  on  shop  management  and  similar  topics.  In  these 
courses  persons  talk  to  students  about  processes  instead  of 
giving  them  an  opportunity  either  to  obtain  practice  by  doing 
them  or  to  see  the  processes  carried  on  under  real  working 
conditions.  "We  have  gone  too  far  in  many  instances  in  our 
courses  in  giving  students  instruction  that  is  intended  prima- 
rily to  impart  knowledge,  and  giving  them  too  little  time  to 
acquire  habits  similar  to  those  which  they  are  going  to  use  in 
after  life.  I,  therefore,  appreciate  this  paper  calling  our 
attention  in  a  forcible  way  to  an  experiment  pending  in  an 
opposite  direction. 

Professor  Hibbard:  Professor  Kunze  said  that  in  his  plan 
the  time  in  which  a  certain  job  should  be  done  is  told  to  the 
student.  That  is  a  wrong  principle  from  the  point  of  view  of 
using  the  shop  as  a  laboratory.  The  student  of  scientific 
management  should  himself  make  the  time  studies  and  thus 
find  out  how  long  it  should  take  to  do  the  work.  The  idea  of 
this  paper  is  that  the  shop  is  to  be  used  as  a  laboratory,  and 
in  the  laboratory  students  find  out  things  for  themselves.  We 
want  to  show  them  how  to  find  out  for  themselves.  Professor 
Kunze  also  stated  that  some  of  the  work  was  done  with  special- 
ized machines  and  that  the  student  was  then  told  that  this 
determines  the  speed  at  which  the  work  would  be  done  com- 
mercially. It  is  one  of  the  vital  principles  of  scientific  shop 
management,  in  the  manufacturing  company  where  I  spent 
some  time  last  summer,  that  the  gain  is  not  necessarily  ob- 
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tained  by  throwing  away  old  machines  and  using  new  special- 
ized machines,  but  by  making  the  most  of  existing  equipment. 
]\Ir.  Kent  said,  "I  don't  know  whether  or  not  this  shop  labo- 
ratory will  work."  In  reply  I  would  say  that  it  is  actually 
working.  He  said,  "It  has  about  the  same  relation  to  real 
efficiency  engineering  as  the  school  shop  to  the  actual  shop." 
I  do  not  agree  with  that  at  all.  Here  are  four  principles  that 
Taylor  splendidly  abbreviates,  the  fundamentals  of  scientific 
shop  management  indeed : 

1.  Determine  accurately  by  scientific  analysis  the  elements 
of  each  job  of  work  and  decide  how  it  can  best  be  done. 

2.  Select  men  who  are  fitted  for  the  work — even  for  the 
lowest  kinds,  and  train  them  in  the  way  that  has  been  deter- 
mined to  be  the  best  way  of  doing  that  task. 

3.  Provide  adequate  supervision  and  a  system  of  payment 
which  gives  the  men  an  incentive.  Make  sure  that  the  men 
practice  the  best  methods  all  the  time. 

4.  Divide  the  work  between  the  management  and  the  men 
so  that  the  management  does  all  the  work  that  it  can  do  better 
than  the  men. 

There  are  several  suggestions  here  that  we  are  making  use 
of  in  our  shop  laboratories.  "We  claim  that  the  use  of  the  shop 
as  a  laboratory,  with  the  teaching  of  scientific  shop  manage- 
ment, is  not  like  the  school  shop  as  compared  to  the  real  shop, 
nor  like  manual  training  compared  to  the  real  thing  in  the  real 
shop.  The  principles  and  the  methods  taught  the  student,  are 
the  same  which  he  will  use  after  he  graduates  into  the  real 
commercial  shop. 

Professor  A.  J.  Wood:  I  simply  want  to  state  that  at  the 
Pennsylvania  State  College  there  is  a  four-year  course  in 
industrial  engineering,  and  there  are  about  thirty  students 
taking  that  course.  It  is  not  regarded  as  an  experiment  but 
rather  as  essential  in  the  college  training  as  many  of  the  other 
courses.  It  has  awakened  a  good  deal  of  interest  among  the 
manufacturers  of  the  state  as  shown  by  the  many  inquiries 
received  relative  to  this  special  training.  Furthermore,  the 
time  and  motion  study  system  has  been  put  into  actual  opera- 
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tion  among  the  students,  the  same  as  in  the  prescribed  systems 
of  scientific  management. 

Professor  Kunze :  In  what  I  said  before,  I  did  not  mean  to 
imply  that  all  the  work  is  done  bv  means  of  jigs  and  very  fine 
instruments.  We  have,  some  jigs,  and  as  the  men  have  seldom 
seen  jigs  before  coming  to  coUege,  they  should  become  familiar 
with  these  devices.  Modem  manufacturing  shops  use  jigs  to 
a  very  large  extent.  Further  I  did  not  mean  to  imply  that  we 
abolished  time  study  by  the  students.  The  time  study  wiU  be 
done  by  the  men  who  are  last  in  the  machine  shops,  but  for 
the  men  who  are  working  on  details,  it  seems  to  me  a  given 
amount  of  time  ought  to  be  allowed  for  each  part.  "We  cannot 
estimate  the  time  to  be  allowed  for  each  piece  made  in  the 
machine  shops,  because  we  have  cut  down  the  number  of 
exercise  pieces  to  a  minimum  preferring  to  make  pieces  which 
become  parts  of  machines  for  our  own  equipment,  for  sale  or 
other  purpose.  It  is  only  in  the  ease  of  the  exercise  pieces  that 
an  amount  of  time  can  be  allotted,  but  on  new  parts,  time 
study  can  be  worked  very  well. 

Mr.  A.  Stucki  (by  letter)  :  I  agree  with  the  authors  that 
efficiency  must  win  out  finally  even  without  having  the  schools 
to  teach  it.  but  the  valuable  time,  money  and  energy  lost  by 
this  slow  method  is  inexcusable.  I  was  connected  with  shops 
where  the  output  was  increased  25  per  cent,  by  simply  putting 
aU  the  detail  shops  on  a  daily  schedule  with  a  storing  privilege 
for  one  week.  In  this  way  the  output  was  never  hampered  in 
erecting  these  details,  and  what  is  equally  important,  the 
machines  didn't  have  to  be  changed  from  one  job  to  the  other 
as  often,  thus  saving  money  and  improving  the  workmanship 
as  well. 

Again  I  have  seen  the  quality  of  work  improved  and  the 
expense  of  discarding  poor  work  reduced  to  a  minimum, 
simply  by  systematic  identification  of  each  piece  of  work  enter- 
ing into  the  whole  structure.  In  another  shop,  where  great 
numbers  of  similar  pieces  are  manufactured,  watching  the 
men  and  its  adherent  worries  have  been  greatly  done  away 
with  by  simply  keeping  each  man's  daily  work  separate,  and 
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•when  night  approached  his  "pile"  would  at  a  glance  disclose 
the  output,  and  the  standard  of  the  workmanship  could  be 
kept  up  at  the  risk  of  the  man.  I  fully  agree  with  the  sense 
of  the  paper  that  efficiency  is  not  a  method  of  driving ;  on  the 
contrary  we  must  have  the  good  will  of  the  man  in  order  to  get 
his  best  effort,  and  strict  impartiality  goes  a  long  way  in  this 
direction. 

To  come  back  to  the  problem  of  teaching  economy  as  out- 
lined in  the  paper,  the  "Scientific  Discipline"  has  been  very 
nicely  outlined  and  this  end  is  comparatively  easily  conquered 
by  simply  studying  human  nature  and  applying  the  proper 
ways  in  each  individual  case.  But  to  work  out  a  system  and 
to  teach  a  system  which  would  be  applicable  to  the  millions  of 
different  kind  of  shops  would  be  an  utter  impossibility,  since 
only  one  shop,  i.  e.,  the  engineering  school  shop  is  available. 
This  in  itself  would  be  a  sufficient  reason  to  teach  the  under- 
lying principles,  rather  than  a  system.  In  fact,  this  is  the 
only  rational,  effective  and  comprehensive  way  to  master  any 
large  field  of  study  and  it  is  comparatively  easy  to  apply  the 
principle  in  each  individual  case  as  they  may  appear  in  life. 
Possibly  this  fact  explains  better  than  anything  else,  why  it 
was  found  necessary  to  put  the  boys  all  together  on  a  certain 
study  at  a  certain  time  instead  of  specializing.  I,  of  course, 
agree  that  only  professors  with  responsible  shop  experience 
should  undertake  this  branch  of  teaching.  I  do  not  think, 
however,  that  it  is  necessary  or  even  proper,  to  apply  a  so- 
called  efficiency  system  to  a  drawing  room.  Here  a  judgment 
of  a  higher  nature  is  required  to  obtain  the  best  results.  I 
know  several  large  firms  which  go  entirely  too  far  in  making 
a  mechanical  establishment  out  of  their  drawing  room,  and 
what  is  gained  in  one  place  is  doubly  lost  in  another. 

The  paper  states  that  the  freshman  must  be  allowed  some 
initiative.  This  I  consider  absolutely  necessary  and  also  in 
the  industrial  shops  it  should  be  encouraged  to  a  certain 
extent.    This  is  the  only  way  to  progress. 

An  efficiency  engineer  is  in  a  similar  position  as  an  in- 
spector, if  he  does  his  work  conscientiously  he  gets  mif ted  from 
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below  and  often  ignored  from  above,  and  the  author's  advice 
to  ''get  solid''  is  certainlv  in  order.  It  is  self  understood  that 
new  reforms  should  not  aiiect  the  output  adversely,  barring 
exceptional  cases,  where  in  order  to  reduce  the  first  cost,  tem- 
porary sacrifices  had  to  be  made. 

Speaking  of  the  paper  as  a  whole.  I  consider  it  a  most  valu- 
able contribution  in  the  solution  of  this  most  important  ques- 
tion and  the  thoroughness  with  which  every  phase  has  been 
considered  and  solved  is  proof  that  the  authors  themselves 
have  had  a  good  deal  of  actual  experience  in  this  line.  I\Iy 
respective  experience  has  emanated  in  railway  shops,  steel  car 
shops,  foundries  and  specialty  manufacturing  plants,  and 
what  I  came  across  there  is  in  principle  covered  in  the  paper, 
and  specifically  in  regard  to  making  use  of  the  school  shops 
in  a  double  capacity  I  must  most  heartily  congratulate  the 
authors  and  the  school  both. 

Mr.  C.  J.  Morrison  (by  letter")  :  I  have  gone  very  carefully 
through  the  paper  on  scientific  management  and  am  able  to 
suggest  very  little.  It  has  gone  into  the  matter  quite  thor- 
oughly and  I  can  see  no  reason  why  this  college  course  should 
not  be  a  great  success.  In  looking  over  the  staff  appointments, 
I  notice  that  there  is  no  one  responsible  for  standard  condi- 
tions. It  is  of  the  utmost  importance  to  have  some  one 
definitely  responsible  for  establishing  and  maintaining  stand- 
ard conditions.  There  is  only  one  best  way  of  doing  any  job. 
This  way  should  be  determined,  made  standard,  and  the 
st-andard  maintained. 

A  dispatcher  should  not  only  see  that  the  work  goes  through 
without  delay,  but  should  see  that  it  goes  through  in  its  proper 
sequence  of  operations,  and  also  that  all  parts,  not  only  go 
through  without  delay  but  arrive  on  the  erecting  floor  or  in 
the  store  house  at  the  proper  time.  He  should  also  foresee 
every  want  of  the  workmen  and  should  see  to  it  that  the  work- 
men have  proper  tools,  hoists,  jigs,  etc.,  in  advance  of  each  job. 

The  ideas  as  to  a  cost  clerk  are  slightly  different  from  ours, 
but.  accepting  the  ideas  as  given,  would  suggest  that  the  cost 
clerk  go  farther  than  see  about  ' '  stock  on  hand.  * "    He  should 
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provide  a  rimning  inventory,  which  would  not  only  show  stock 
on  hand  at  all  times  but  would  also  show  maximum  and  mini- 
mum to  be  carried. 

Like  every  other  practical  application  of  scientific  prin- 
ciples, scientific  discipline  demands  a  knowledge  of  general 
principles,  and  a  conception  of  the  conditions  under  which 
such  principles  are  to  be  applied.  Principles  are  reasonably 
fixed,  but  conditions  are  wholly  variable  and  mutable.  Hence 
it  follows  that  the  successful  scientific  manager  must  be  one 
who  has  ability  to  see  and  grasp  every  situation  in  such  a 
manner  that  he  can  determine  the  separate  features,  the  rela- 
tion of  each  feature  to  the  other  and  the  complete  whole.  This 
must  all  be  done  with  direct  reference  to  the  results  sought  to 
be  obtained  under  the  conditions  which  cannot  be  changed. 
In  other  words,  while  the  ideally  perfect  system  of  manage- 
ment is  to  be  sought  after,  the  unchangeable  and  specific  con- 
ditions must  be  recognized  and  only  such  changes  adopted  as 
may  result  in  ultimate  gain. 

Principles  may  be  and  should  be  taught  in  the  schools,  but 
judgment  in  the  application  of  principles  can  be  acquired  only 
through  experience.  Experience  is  needed  to  distinguish  the 
relative  importance  of  details  of  efficiency,  wliich  relative 
values  will  differ  according  to  the  conditions  controlling  each 
specific  case.  Experience  is  likewise  essential  in  order  that 
one  may  know  how  to  handle  conditions  which  it  may  be 
possible  and  desirable  to  change.  The  knowledge  of  economic 
laws  is  necessary  in  attempting  to  deal  with  the  "labor  prob- 
lem" anywhere,  but  no  amount  of  such  knowledge  would 
enable  anyone  to  handle  a  specific  phase  of  this  problem  unless 
he  knew  how  to  handle  men,  and  that  is  gained  only  through 
practical  contact. 

Mr.  H.  A.  Gillis  (by  letter)  :  Whatever  is  done  by  our  col- 
leges in  the  way  of  educating  young  men  to  become  efficient 
managers  should  be  by  making  clear  the  principles  of  right 
thinking  and  correct  analysis.  The  great  value  of  Emerson's 
papers  on  scientific  management  is  the  fact  that  they  do  not 
attempt  to  teach  hard  and  fast  details  of  management  so  much 
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as  to  start  men  thinking  along  the  right  lines,  and  the  fact  that 
the  illustrations  -which  Mr.  Emerson  uses  in  many  eases  are 
not  taken  from  manufacturing  work  at  all  makes  them  all  the 
more  valuable. 

The  headings  of  the  authors'  scientific  discipline  course 
refer  to  the  principles  of  handling  men  being  clearly  defined, 
standardized,  tabulated,  etc.  It  seems  to  me  that  only  very 
general  and  particular  principles  can  be  recognized  in  the 
handling  of  men.  'Without  attempting  to  classify  these  in 
order  at  all.  I  should  set  forth  as  some  of  the  vital  principles 
which  are  absolutely  essential  to  the  successful  handling  of 
men — impartiality,  integrity,  sympathy,  respect  for  the  better 
element  of  employees,  harmony,  or  pull  together,  self  control, 
decision,  fearlessness,  evenness  of  temper. 

If  these  are  what  is  meant  by  '* principles  of  handling  men," 
I  agree  with  the  writers.  The  teaching  of  these  principles  by 
examples  taken  from  actual  experience  cannot  help  but  the 
useful  and  helpful,  although  I  think  that  all  men  who  have 
had  much  experience  in  the  handling  of  men  will  agree  that 
the  handling  of  men,  or  leadership,  is  a  gift  that  is  to  a  great 
extent  natural  or  inherited.  Nevertheless,  the  man  who  has 
natural  ability  as  a  leader  will  become  still  more  able  if  he 
applies  to  his  natural  ability  these  fundamental  principles. 
The  great  trouble  with  most  of  our  scientific  management 
systems  is  that  they  leave  out  the  fundamental  principle  which 
was  put  into  the  heart  of  man  by  God  Himself,  that  is,  the 
principle  of  love.  Xo  man,  in  my  opinion,  is  able  or  fit  to 
handle  men  unless  he  possesses  to  a  very  large  degree  love  for 
his  fellowman  and  the  natural  charity  and  sympathy  which 
flows  from  it.  Once  men  are  convinced  that  the  manager 
possesses  this  characteristic,  and  are  convinced  of  his  sincerity 
and  honesty,  then  he  can  introduce  almost  any  system  success- 
fully. The  keynote  of  success  all  the  way  through  in  any 
management  is  the  faith  of  the  workers  in  the  leader.  Some 
men  are  absolutely  unfit  for  the  handling  of  men  and  always 
will  be,  no  matter  how  high  their  scientific  achievement,  while 
there  are  others  who  with  proper  training  are  capable  of  be- 
coming  able  leaders. 
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A  college  course  in  discipline  should  embody  so  far  as  possi- 
ble, a  careful  study  and  discussion  of  labor  troubles ;  not  only 
the  general  principles  which  produce  labor  troubles,  but 
specific  labor  troubles — lectures  by  successful  handlers  of  men, 
and  proper  instruction  along  the  above  general  principles  of 
management  would,  I  think,  be  invaluable  to  the  student  in 
after  life  and  create  a  demand  for  the  graduates  of  any  college 
that  thoroughly  trained  young  men  along  these  lines. 

The  authors  have  covered  the  whole  matter  of  engineering 
shop  work  quite  tersely  in  the  following : 

' '  It  was  realized  that  the  fundamental  principles  must  be  studied,  and 
not  mere  top-heavy  systems.  Observance  of  this  will  make  the  wise  man 
omit  some  books  and  chapters  of  books  now  on  the  market." 

I  am  thoroughly  familiar  with  the  various  systems  advo- 
cated by  Messrs.  Taylor,  Gant,  Emerson  and  others,  and  all 
of  these  systems  have  much  of  good  in  them,  but  they  are  only 
useful  when  intelligently  applied,  for  a  system  that  will  apply 
to  one  class  of  manufacture  would  not  apply  at  all  to  another, 
although  the  fundamental  principles  of  the  system  might 
apply.  So  it  would  seem  that  what  should  be  taught  the 
student  at  college  is  not  to  imitate  any  of  these  systems,  but 
to  make  intelligent  application  of  their  principles.  There  is  in 
all  of  these  systems  too  great  a  tendency  to  do  away  with  self- 
reliance  and  initiative. 

I  note  with  much  interest  the  statement  that  "scientific 
management  rests  upon  a  definite  and  sufficient  knowledge  of 
everything  connected  with  the  manufacturing  of  a  line  of 
goods  and  has  as  its  aim,  efficient  production."  This  very 
statement  demonstrates  clearly  the  absolute  necessity  of  co- 
operation of  the  management  with  the  individual  workman. 
Certainly  this  is  true  in  a  great  many  cases.  Take  the  case 
cited  of  the  lawyer  who  has  become  an  excellent  efficiency 
engineer.  Accepting  this  statement  as  a  fact  (that  this  lawyer 
has  become  an  excellent  efficiency  engineer),  he  certainly  could 
not  attain  this  success  from  his  own  knowledge  alone.  It  has 
been  due  to  his  training  in  careful  and  exact  analysis  and  his 
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ability  to  win  the  confidence  and  the  co-operation  of  those 
men  who  know  the  mechanical  details  and  facts,  for  he  must 
be  dependent  for  many  of  his  facts  and  premises  on  the  in- 
formation furnished  him  by  the  workers  themselves. 

Further.  I  note,  in  the  author's  reference  to  an  extract 
from  "Motion  Study,"  by  F.  P.  Gilbreth,  that  he  makes  use 
of  these  words:  "And  yet  his  words  refer  to  hut  one  phase  of 
the  subject  of  scientific  management."  Also.  I  specially  note 
the  bibliography  on  this  subject,  and  the  conclusion  that  I  am 
bound  to  arrive  at  is  that  any  college  which  attempts  to  go 
into  too  much  detail  in  the  instruction  of  students  in  scientific 
management  will  make  a  sad  mistake,  whereas  the  college 
which  instructs  them  thoroughly  in  principles  will  do  a  use- 
ful work. 

Mr.  Fred  H.  Colvin  (by  letter):  The  words  ••scientific" 
and  ■ '  efficiency ' "  have  been  so  misused  in  connection  with  shop 
management  as  to  prejudice  many  against  nearly  all  of  the 
methods  which  claim  them.  There  is  no  question  however 
that  the  persistent  work  of  Taylor,  Emerson  and  others,  have 
awakened  a  real  interest  in  the  improvement  of  shop  methods. 
^Many  careful  and  thoroughly  practical  men.  men  who  have 
been  successful  in  managing  real  shops  instead  of  studying 
the  question  from  a  purely  academic  standpoint,  are  avoiding 
the  terms  as  much  as  possible  and  prefer  to  caU  it  rational 
management. 

If  the  warnings  of  my  friend  Professor  Hibbard  on  page 
92,  against  taking  the  shadow  for  the  substance  are  heeded, 
such  courses  as  he  suggests  and  is  evidently  practicing  cannot 
fan  to  do  good.  The  great  danger  Hes  in  regarding  too 
seriously  Mr.  Taylor's  statement  that  '•In  the  past  man  has 
been  first ;  in  the  future  the  system  must  be  first.  * "  This 
should  be  contrasted  with  the  saying  of  the  great  Disraeli: 
""We  have  placed  too  much  faith  in  systems  and  too  little  in 
men."  Can  anyone  with  practical  experience  in  the  handling 
of  men,  doubt  the  latter  is  the  more  correct? 

This  blind  (in  too  many  cases  faith  in  a  system  and  the 
erroneous  idea  that  there  is  necessarily  one  best  way  of  doing 
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every  job,  are  the  two  stumbling  blocks  against  which  the 
students  should  be  carefully  warned.  Few  object  to  any 
rational  system  of  time  study,  and  it  is  undoubtedly  the  basis 
for  the  elimination  of  many  of  the  unintentional  wastes  which 
are  all  too  common.  But  no  system  alone  can  tell  what 
allowance  should  be  made  for  unexpected  delays  due  to  hard 
castings,  breakdowns,  etc.  The  judgment  of  a  practical  man 
saves  the  day  in  all  such  cases.  True,  the  hard  castings  should 
not  exist  and  machines  should  be  guarded  against  breakdowns, 
but  here  again  judgment  rather  than  system  must  do  the  work. 
A  planning  department  is  an  excellent  institution  if  it 
works  ivith  the  shop,  instead  of  being  on  a  pedestal,  as  in  some 
cases.  The  danger  lies  in  not  having  practical  shop  men  in 
this  department  and  in  allowing  the  members  to  feel  that  they 
are  next  door  to  being  infallible.  This  attitude  arouses  antag- 
onism in  the  shop  which  counts  against  efficient  production. 
Standard  time,  various  piece  rate  plans,  despatching,  cost 
accounting,  etc.,  should  be  carefully  studied,  bearing  in  mind 
that  each  plan  has  some  good  points  and  that  none  are  free 
from  possible  abuse  by  both  parties.  There  is  no  place  where 
the  ability  of  getting  down  to  the  plane  of  real  humanity 
counts  more  than  in  the  method  of  wage  payment. 
•  The  course  of  scientific  discipline  opens  great  possibilities 
and  also  great  dangers.  If  the  idea  of  system  is  uppermost, 
it  can  be  depended  on  to  cause  more  dissension  than  any  one 
thing  I  know  of.  If  on  the  other  hand  the  principles  of 
Disraeli  are  followed  and  system  made  secondary,  much  good 
can  be  accomplished  as  there  are  too  many  instances  where 
shop  discipline  is  entirely  dependent  on  the  whim  of  a  marti- 
net, to  the  constant  detriment  of  all  concerned.  But  when  all 
is  said  and  done,  it  must  be  recognized  that  efficiency  is  always 
relative,  that  men  would  often  be  glad  to  work  at  an  extra 
pressure  on  days  when  they  feel  particularly  energetic  if  it 
were  not  for  the  fear — too  well  founded  in  many  eases — that 
the  maximum  day's  work  will  be  considered  as  a  standard, 
with  no  allowance  for  days  of  lowered  vitality  and  that  man- 
agers often  require  as  much  educating  as  the  men.     And  no 
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time  study  or  planning  department  will  ever  know  the  maxi- 
mum eflSciency  of  a  man  or  of  a  machine  as  long  as  there 
exists  the  possibility  of  a  reduction  in  the  time  limit  or  the 
pay  for  the  same  amount  of  work.  Some  of  the  exponents  of 
the  different  systems  of  management  lay  down  a  multitude  of 
principles,  which  can  be  boiled  down  to  two.  And  these  two 
are  older  than  we  realize,  going  back  to  the  beginning  of 
manufacturing.  They  are:  the  division  of  labor  and  the  use 
of  accumulated  data.  The  other  so-called  principles  are  built 
around  them,  and  often  tend  to  hide  the  vital  points. 

Nothing  is  further  from  my  mind  than  destructive  criti- 
cism. My  only  desire  is  to  prevent  any  student  from  placing 
too  much  dependence  on  any  iron-clad  system  in  any  work 
which  involves  the  handling  of  men.  For  unless  the  variables 
of  the  human  element  receive  due  consideration  he  is  sure  to 
find  trouble  and  disappointment  sooner  than  he  desires. 

Dean  C.  H.  Benjamin  (by  letter)  :  I  have  read  the  paper 
on  the  teaching  of  scientific  shop  management  with  consider- 
able care  and  have  also  submitted  it  to  Professors  Golden  and 
Turner  of  the  department  of  applied  mechanics  at  Purdue, 
so  that  the  discussion  here  presented  represents  the  aggregate 
of  opinions  from  those  especially  interested  in  the  subject  at 
this  institution. 

It  does  not  seem  that  the  system  outlined  in  the  paper  would 
be  practicable  or  successful  here,  partly  on  account  of  the 
large  number  of  students  handled  and  partly  because  their 
knowledge  both  of  shop  methods  and  of  educational  processes 
is  so  slight.  There  are  but  few  manual  training  schools  in 
this  state  which  so  teach  men  the  elements  of  shop  training 
that,  on  reaching  the  University,  they  can  take  advanced 
standing.  Necessarily,  much  of  the  time  of  instruction  in 
shop  work  is  given  to  teaching  the  bare  elements  of  mechanical 
processes,  leaving  but  little  time  for  study  of  different  methods 
or  for  time  study.  All  is  done  that  can  be  done  in  the  time 
allotted,  by  means  of  shop  lectures  and  by  a  comparison  of 
ordinary  methods  with  advanced  manufacturing  processes. 
It  accordingly  follows  that  the  same  student,  when  he  becomes 
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a  junior  or  a  senior,  is  not  qualified  to  pronounce  on  methods 
or  to  direct  other  students.  Ordinarily,  the  student  who  has 
received  shop  instruction  in  the  university  would  not  be  ca- 
pable even  of  teaching  elementary  operations  successfully, 
much  less  of  conducting  any  advanced  motion  or  time  study. 
The  average  senior  student  has  not  the  experience  or  the  judg- 
ment which  would  justify  his  taking  any  part  in  the  instruc- 
tion of  the  underclassmen.  There  is  a  feeling  that  any  such 
system  here  would  result  in  anarchy. 

We  all  appreciate  the  desirability  of  an  application  of  the 
principles  of  industrial  engineering  in  the  university  shops, 
but  believe  that  this  must  be  confined  to  lessons  given  by  the 
instructors.  The  whole  atmosphere  and  surroundings  of  a 
college  shop  are  so  different  from  those  of  the  commercial 
establishment  that  a  study  of  the  conditions  there  might  do  a 
student  more  harm  than  good,  giving  him  false  estimates  of 
the  capability  of  men  and  of  the  commercial  methods  of  doing 
work.  A  plan  which  has  been  presented  and  carried  out  to 
some  extent  is  that  of  allowing  senior  and  junior  students  to 
figure  costs  from  the  time  and  material  cards  of  the  shop. 
Even  this  is  a  difficult  problem  to  handle  with  a  large  number 
of  men,  but  it  does  not  involve  any  interference  of  students  in 
the  administration  of  the  shops.  It  is  difficult  enough  now 
to  run  and  administer  college  shops  in  such  a  way  as  not  to 
give  the  student  false  standards  and  ideals.  In  our  opinion, 
to  complicate  this  problem  still  further  by  trying  to  get  manu- 
facturing economical  data  would  be  disastrous. 

I  am  sorry  to  take  a  critical  position  in  this  matter  and  am 
open  to  conviction  but  I  feel  strongly  that  it  is  better  not  to 
teach  a  subject  at  all  than  to  teach  it  in  such  a  way  as  to  give 
false  standards  and  misleading  impressions. 

Professor  W.  D.  Ennis  (by  letter)  :  Various  engineering 
schools,  including  Columbia,  Stevens,  Worcester,  and  the 
Massachusetts  Institute,  give  courses  of  from  10  to  120  hours 
duration  in  what  is  variously  described  as  "works  manage- 
ment," "economics  of  engineering,"  "shop  management," 
"industrial  management,"  etc.    At  the  Polytechnic  Institute 
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of  Brooklyn,  for  four  years  we  have  been  trying  to  teach  works 
management,  the  course  being  a  development  from  part  of  a 
much  older  course  on  '  *  mill  design  and  administration, ' '  The 
following  is  the  description  of  the  work  as  given  in  our  cur- 
rent catalogue : 

"Works  Management.  The  principles  of  busmess  organization; 
classification  of  industries  based  on  ratio  of  cost  of  plant  to  annual 
productive  power;  influence  of  form  of  organization  on  engineering 
practice;  aim  and  method  of  cost  keeping;  the  use  of  curves  in  statistics; 
depreciation;  labor  problems,  piece  work,  premium  and  bonus  systems, 
employer's  liability,  trades  unionism;  distribution  of  fixed  charges; 
economy  of  administration;  engineering  specifications  and  contracts; 
patents  and  patent  laws;  the  principles  of  accounting;  corporation  ac- 
counting ;  analysis  of  annual  reports ;  apprenticeship ;  actual  cost  systems 
in  foundry,  forge-shop,  and  machine-shop ;  modern  tendencies  in  admin- 
istrative engineering;  the  place  of  the  technical  graduate  in  the  indus- 
trial organization.  Seniors  in  Mechanical  and  Electrical  Engineering; 
one  hour,  second  semester." 

This  outline  has  been  revised  every  year  and  the  subject 
will  probably  not  be  given  next  year  in  precisely  the  way  de- 
scribed. Our  upperclassmen  take  advanced  work  in  economics 
and  in  the  law  of  contracts  which  will  make  some  of  the 
scheduled  discussions  unnecessary.  We  shall  probably  omit 
entirely,  the  subject  of  patents  on  account  of  lack  of  time. 

Aside  from  these  modifications,  there  are  two  essential 
differences  between  our  program  and  that  described  in  the 
paper.  First,  the  time  we  allow  is  only  fiiteen  hours ;  second, 
the  scope  we  attempt  includes  far  more  than  what  is  commonly 
known  as  ' '  shop  management. ' '  These  two  distinctions,  taken 
together,  may  impress  some  as  reflecting  unfavorably  upon 
our  good  judgment.  The  reasons  for  our  attitude  may  be 
briefly — if  somewhat  disconnectedly — summarized  thus : 

1.  "We  think  that  management  is  as  yet  more  of  an  art  than 
a  science,  and  it  is  our  business  for  the  most  part  to  teach 
science — applied  science.  There  is  so  much  applied  science  of 
fundamental  importance  which  the  student  must  consider  that 
even  for  this  momentous  subject  we  cannot,  as  yet,  pro\dde 
more  time. 
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2.  We  do  teach  "shop  management"  in  the  narrower  and 
more  specific  sense  which  is  suggested  by  its  synonym :  Taylor- 
ism.  "The  Art  of  Cutting  Metals"  is  used  as  a  reference 
text  in  our  shop  work.  But  we  think,  first,  that  ]\Ir.  Taylor's 
work  in  this  particular  direction  is  wrongly  called  manage- 
ment. It  is  scientific  method,  if  you  will,  but  not  scientific 
management. 

3.  We  have  also  used  Mr.  Gilbreth's  suggestive  book, 
* '  iMotion  Study, "  as  a  class  room  text.  In  order  to  make  the 
matter  of  economy  through  planning  and  potential  large  sav- 
ings rather  more  real  to  the  student,  we  prefaced  the  course 
this  year  by  a  simple  experiment  in  which  the  students  partici- 
pated. This  was  described  under  the  title,  "An  Experiment 
in  Motion  Study,"  in  Industrial  Engineering  for  June. 
Briefly,  the  men  learned  for  themselves  that  simple,  inex- 
pensive facilities  based  upon  a  correct  preliminary  plan  might 
reduce  labor  cost  two  thirds,  while  simultaneously  producing 
unexpected  incidental  savings  far  more  important  than  that 
in  labor  cost.  After  tliis,  they  were  in  a  measure  prepared  to 
discuss  Mr.  Gilbreth  's  book. 

4.  While  no  one  could  more  admire  the  gospel  of  ]\Ir. 
Taylor's  preaching  than  we,  and  while  it  is  conceded  that 
this  preaching  is  to  have  economic,  sociological  and  psycho- 
logical consequences  almost  measureless,  it  is  also  felt  that 
Taylorism,  as  a  management  method,  does  not  cover  the  whole 
field  of  management;  and  that  even  in  its  field  it  is  by  no 
means  of  immediate  universal  application.  Mr.  Taylor  has 
himself  mentioned  an  instance  in  which  his  methods  were  too 
hastily  applied.  The  country  is  buzzing  with  talk  of  scientific 
management,  the  latest  nostrum.  It  is  a  nostrum,  if  we  regard 
a  single  school  of  management  as  alone  scientific.  ]\Ianage- 
ment  is  of  many  varieties,  some  good,  some  even  scientific — so 
far  as  management  can  be  scientific. 

We  believe,  therefore,  that  a  study  of  Taylorism  should  be 
an  essential  and  prominent  part  of  our  study  of  works  manage- 
ment ;  but  we  also  believe  that  some  consideration  of  manage- 
ment in  general  should  precede  that  of  Taylorism,  and  that 
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there  are  problems  in  i::  _  .      ent  which  require  extended 
study  along  totally  differeiit   ii-  - 

5.  In  spite  of  the  short  ti  :r  ^:  ^n  to  the  subject,  it  has 
strongly  influenced  our  students  in  their  work  with  us  and 
after  graduation.  Many  of  them,  more  than  we  wished,  have 
endeavored  to  find  employment  in  "eflBeienq^  engineering." 
In  no  other  way  have  the  characteristic  defects  of  young 
technical  graduates  been  more  strongly  brought  home  to  them, 
or  have  the  students  been  placed  in  an  attitude  of  such  great 
harmony  with  modem  business  conditions.  Works  manage- 
ment is  one  of  the  most  valuable  courses  we  have.  It  is  par- 
ticularly valuable  because  it  is  brief  and  su^estive,  rather 
than  a  cut-and-dried  matter  of  detaiL  The  students  see  the 
point  almost  from  the  start. 

Mr.  Frank  B.  Gflbreth  (by  letter) :  The  paper  by  Pro- 
fessor Hibbard  and  Professor  Philbrick  is  a  sign  of  the  times. 
There  is  probably  no  other  educational  event  of  so  great  im- 
portance as  the  general  interest  that  the  engireeric?  --iic^-^c 
are  taking  in  the  subject  of  scientific  manageriirn:.     7/ 
lection  of  data  regarding  scientific  managemer-  i-         :: 
function  of  engineering  schools,  but  the  greats  "  ^ 
be  achieved  until  there  is  a  co-operation  of  all  : :.-  ^  - 
rations,  firms,  and  individuals  connected  with,  and  interested 
in  scientific  management.     The  subject  is  too  great  for  any 
one  body  of  investigators,  or  operators.    It  is  too  lai^e  for  any 
one  section  of  the  country  to  expect  to  master.    Mr.  Henry  R* 
Towne,  a  member  of  the  American  Society  of  Mechanical 
Engineers,  an  expert  manager  for  an  unusually  long  period 
of  years,  testified  before  the  Interstate  Commerce  Commission 
tiiat  any  one  who  has  studied  tiie  subject  of  scientific  manage- 
ment ten  years  and  imagines  that  he  can  make  a  mental  pic- 
ture of  the  end  of  improvements  under  scientific  management 
Is  ''nerely  testifying  to  his  own  senility." 

F;r  the  best  results  there  must  be  co-operation  of  all 
teachers,  investigators  and  installers  and  users  of  scientific 
management  and  there  must  be  a  central  body  where  such  in- 
formation shall  be  classified,  catalogued,  and  put  at  the  dis- 
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posal  of  all  desiring  it.  A  fitting  model  for  such  a  depart- 
ment exists  today  in  the  United  States  Department  of  Agri- 
culture. Such  a  department  should  be  created  at  once  by  the 
United  States  government,  and  similar  bulletins  should  be 
printed  and  obtainable  at  nominal  cost  as  now  are  to  be  had 
regarding  subjects  relating  to  agriculture  from  the  Depart- 
ment of  Agriculture.*  It  was  in  the  interests  of  collecting, 
preserving,  cataloguing  and  disseminating  such  information 
that  the  Society  to  Promote  the  Science  of  Management 
was  recently  formed.  Work  is  already  under  way  toward 
co-operating  with  the  great  library  systems,  that  the  subject 
of  management  may  be  recognized  as  science  and  catalogued 
accordingly.  At  present  the  most  reliable  estimate  is  that 
there  are  approximately  only  50,000  people  operating  under 
scientific  management.  Inasmuch  as  scientific  management 
is  almost  wholly  a  matter  of  pedagogy,  it  is  most  fortunate, 
for  those  interested,  that  the  colleges  are  now  teaching  it,  for 
soon  there  will  be  available  not  only  those  who  understand 
the  underlying  laws  of  scientific  management,  but  also  those 
who  by  their  special  training  and  their  general  education  will 
be  best  fitted  to  teach  the  workmen  and  functional  foremen 
the  actual  practice. 

In  our  own  work  we  have  revolutionized  several  trades, 
especially  those  that  relate  to  bricklaying,  concrete,  etc.  We 
have  seen  time  and  again  dififieult  practice  of  the  past  suc- 
cumb to  easier,  less  wasteful  practice,  simply  by  recording 
motion  and  time  studies  of  elements  of  processes,  and  then 
building  up  new  methods  synthetically.  We  are  now  pre- 
pared to  state  that  we  have  new  data  of  actual  practice  on 
brickwork  which  will  again  revolutionize  our  reconstructed 
practice.  There  is  no  end  to  the  subject.  A  government  de- 
partment for  carrying  on  time  study  and  motion  studies  of 

•  As  an  example  see  U.  S.  Dept.  of  Agriculture,  Circular  No.  110 — 
"Food,  Customs  and  Diet  in  American  Homes,"  bj  Dr.  C.  F.  Lang- 
worthy,  Ph.D.  This  circular  in  a  way  relates  to  scientific  management, 
in  that  it  deals  with  the  relation  of  quality  of  food  to  output  of  the 
worker. 
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the  bnilding  trades  wonld,  without  a  donbt,  result  in  reclassi- 
tying  all  the  trades,  in  elimiTiatiTig  much  present  wastefulness, 
and  in  providing  higher  wages  to  all  elasses  of  workmen.  The 
workers  of  the  country  are  afraid  of  such  an  innovation,  for 
the  reason  that  they  believe  that  government  investigations 
and  reclassifying  of  the  trades  will  be  used  by  unscrupulous 
employers  as  a  means  of  lowering  wages  generally. 

The  education  of  the  workman  in  political  economy  must 
also  be  considered  or  his  co-operation  for  the  advancement  of 
seientifie  management  will  not  be  obtained.  (See  House  of 
Bepresentatives  Resolution  Xo.  90,  62d  Congress,  1st  Session, 
"Investigation  of  Taylor  System  of  Shop  Management.") 
The  colleges  and  the  government  should  disseminate  informa- 
tion showing  the  effect  of  high  outputs  and  the  elimination  of 
unnecessary  waste  on  the  general  prosperity  of  the  country, 
for  at  present  there  are  many  workmen  in  this  country,  and 
especially  in  England  who  actually  believe  that  the  less  output 
each  worker  accomplishes  per  hour,  the  better  for  all  workmen 
in  the  long  run. 

The  work  of  Dr.  Frederick  W.  Taylor  as  described  in  the 
1907  Transactions  of  the  American  Society  of  Mechanical 
Engineers,  "On  the  Art  of  Cutting  Metals,"  shows  what  can 
be  done  in  one  trade.  The  great  strides  that  have  been  since 
accomplished  by  his  followers  are  described  in  the  literature 
of  today. 

The  need  today  is: 

1.  Laboratory  methods  of  analysis  of  processes. 

2.  Standardization  of  everything,  even  to  the  motions  that 
make  up  the  elements  of  primary  processes. 

3.  Building  up  synthetieally  the  one  best  way,  from  the 
smaller  standards  that  will  eliminate  wasted  time  or  fatigue. 

In  this  subject  the  colleges  can  do  work  of  great  value  both 
of  itself  and  also  in  turning  out  efficiency  engineers  who  will 
be  able  to  improve  working  conditions  in  all  kinds  of  organi- 
zations. 

There  is  however  another  great  need  of  a  government  bureau 
as  described,  for  the  purpose  of  carrying  on  an  original  re- 
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search  work  where  results,  while  being  of  great  benefit  to  those 
interested,  could  not  be  obtained  at  a  reasonable  cost  by  the 
concerns  most  needing  them  if  they  each  undertook  the  work 
themselves,  not  only  because  of  the  great  cost  of  such  investi- 
gation, but  because  the  private  concerns  could  not  gather  to- 
gether nor  maintain  the  proper  trained  corps  of  specially  fitted 
scientists  for  this  work.  There  has  already  been  gathered  a 
great  amount  of  data  on  the  subject  of  scientific  management 
that  would  undoubtedly  be  donated  to  such  a  department  of 
the  government. 

flaking  efficiency  engineering  a  part  of  the  curriculum  of 
the  colleges  will  be  of  great  value  for  the  following  reasons : 

1.  It  will  enable  the  student  to  do  his  chosen  life  work  bet- 
ter, easier  and  more  profitably. 

2.  It  will  fit  him  for  the  only  uncrowded  profession. 

3.  It  will  raise  wages. 

4.  It  will  reduce  production  costs. 

5.  It  will  make  the  country  more  prosperous. 

6.  It  will  reduce  the  cost  of  living. 
Dr.  Taylor  said  in  June,  1895  :* 

"What  is  needed  is  a  hand-book  on  the  speed  with  which  work  can 
be  done,  similar  to  the  elementary  engineering  handbooks.  And  the 
writer  ventures  to  predict  that  such  a  book  will  before  long  be  forth- 
coming. Such  a  book  should  describe  the  best  method  of  making,  record- 
ing, tabulating,  and  indexing  time-observations,  since  much  time  and 
effort  are  wasted  hj  the  adoption  of  inferior  methods." 

There  is  no  longer  any  reason  for  delay  for  we  have  per- 
fected the  method,  and  the  deWce  for  making  and  recording 
time-study  observations  mechanically,  eliminating  all  error  of 
the  human  element. 

It  is  to  be  hoped  that  all  colleges  will  contribute  constantly 
to  such  a  book  of  data,  for  it  is  more  needed  today  than  ever 
before. 

The  Society  for  the  Promotion  of  Engineering  Education  is 
to  be  congratulated  that  Messrs.  Hibbard  and  Philbrick  have 
brought  this  subject  to  its  attention. 

*  See  Transactions  American  Society  Mechanical  Engineers.  Paper 
No.  647,  p.  68,  "  A  Piece  Eate  System." 
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Mr.  W.  J.  Harahan  (by  letter)  :  I  have  read  the  paper  by 
Messrs.  Hibbard  and  Philbrick  with  a  great  deal  of  pleasure. 
I  thoroughly  agree  with  the  ideas  which  it  advances  and  I 
think  that  the  introduction  of  such  a  course  in  our  colleges 
would  prove  of  vast  benefit  from  a  practical  standpoint.  I 
think  that  the  authors  of  the  paper  have  too  much  fear  of  it 
being  considered  theoretical  on  account  of  not  having  direct 
contact  with  actual  work.  So  far  as  scientific  management  is 
concerned,  generally,  I  believe  that  the  efficiency  engineer  is 
indiscreet  in  trying  to  push  it  into  places  where  it  cannot  be 
applied  in  its  full  force,  but  I  believe  that  in  every  place  it 
can  be  applied  to  a  very  large  extent ;  in  fact,  I  think  that  the 
railroads  have  done  more  along  the  lines  of  scientific  efficiency 
work  than  any  other  line  of  business  has  done. 

Mr.  Harrington  Emerson  (by  letter)  :  Practically  we  are 
always  engaged  in  the  struggle  between  principles  and  methods. 
The  mathematician  has  principles,  the  book-keeper,  methods, 
and  it  is  of  surpassing  importance  that  the  younger  generation 
should  learn  to  apply  principles ;  and  where  can  they  learn  if 
not  in  the  colleges  ? 

Professor  George  H.  Follows  (by  letter)  :  I  have  read  Pro- 
fessor Hibbard 's  article  with  especial  interest  because  in  our 
School  of  Applied  Science,*  we  have  for  the  past  five  years 
been  giving  and  developing  a  course  in  engineering  works 
management,  under  conditions  that  we  consider  are  peculiarly 
favorable.  I  believe  it  will  interest  many  readers  of  the 
Proceedings  to  know  something  about  our  experience  in  this 
almost  new  field  of  engineering  instruction,  and  what  some  of 
our  ideas  are  with  regard  to  its  future  place  in  the  regular 
engineering  curriculum. 

Conditions  with  us  being  different  from  those  at  the  Uni- 
versity of  Missouri,  our  methods  have  developed  into  some- 
thing rather  different  from  those  described  by  Mr.  Hibbard. 
In  the  first  place,  it  is  during  the  freshman  and  sophomore 
years  that  our  students  do  all  their  shop  work,  and  in  our 
opinion  they  are  not  then  sufficiently  developed  to  appreciate 
*  Carnegie  Institute  of  Technology,  Pittsburgh,  Pa. 
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as  they  do  later,  the  course  in  the  science  of  engineering 
eflSciency  and  management.  Again,  our  students  in  their 
senior  year  are  too  heavily  loaded  with  other  work  to  permit 
of  their  devoting  to  actual  shop  practice  the  time  that  would 
be  necessary  to  carry  on,  in  connection  with  work  of  their  own 
hands,  production  studies  of  more  than  the  most  elementary 
character. 

All  courses  in  shop  practice,  which  as  already  stated,  are 
taken  during  the  freshman  and  sophomore  years,  are  of  such 
a  nature  as  to  prepare  the  student  for  senior  work  in  shop 
management  and  efficiency  engineering.  Several  years  ago 
we  came  to  the  conclusion  that  in  addition  to  whatever  modi- 
cum of  skill  the  student  might  acquire  from  his  manual  prac- 
tice in  the  shops,  he  should  become  acquainted  with  many 
things  by  means  of  either  experiment  or  expert  demon- 
stration, or  both.  Thus,  to  give  an  example  of  machine-shop 
work,  the  student  learns  to  use  the  file  in  connection  with  a 
definite  set  of  experiments  in  which  he  personally  compares 
the  physical  qualities  of  different  metals  by  filing  them  with 
different  kinds  of  files;  and  he  writes  down  his  findings, 
which  are  afterwards  discussed  with  the  instructor.  It  is  not 
expected  that  the  student  shall  acquire  great  skill  in  the  use 
of  the  file;  nothing  but  long  continued  practice  would  suffice 
for  this.  Exhibitions  of  skillful  filing  are  given  by  the  in- 
structor, who  is  himself  an  expert  mechanic. 

In  connection  with  all  work  in  the  machine  shop,  the  idea 
is  not  so  much  manual  training  as  an  intelligent  understand- 
ing of  what  it  is  possible  for  skilled  hands  to  do ;  what  differ- 
ent degrees  of  accuracy  and  kinds  of  work  cost;  something 
about  the  construction  of  machine  tools,  the  handling,  adjust- 
ment and  care  of  them,  the  advantages  of  different  shapes  of 
cutting  edges  and  their  treatment. 

We  believe  that  the  accurate  timing  of  an  expert,  and  the 
study  of  his  motions,  which  motions  are  made  and  explained 
especially  for  the  student  to  observe  and  time,  are  of  more 
value  than  obser\'ations  of  the  necessarily  crude  performance 
of  a  student.  However,  it  is  during  the  senior  year  that  the 
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more  serious  studies  of  efficiency  methods  and  management 
are  made.  Here  we  believe,  after  several  years  of  experience, 
that  we  are  particularly  fortunate  in  being  allowed  to  use  as 
a  laboratory,  with  full  privileges,  the  entire  plant  of  a  large, 
modern,  and  successful  engineering  concern.  Three  years  ago 
the  R.  D.  Nuttall  Company,  which  employs  about  400  men  and 
manufactures  all  types  of  toothed  gearing,  generously  invited 
us  to  have  our  students  use  their  shops  for  studies  of  times, 
processes,  work  dispatching,  routing,  and  in  fact  the  entire 
plant  in  any  way  that  we  chose. 

In  these  shops,  the  standard  machine  tools  are  well  repre- 
sented, up  to  large  capacities :  and  in  addition  there  are  many 
special  tools,  used  in  either  the  manufacturing  or  testing  of 
gears.  The  president,  ]\Ir.  Estep,  and  his  works  manager,  Mr. 
Rupert,  have  co-operated  most  heartily,  and  although  there 
are  necessarily  one  or  two  processes  that  we  are  not  allowed  to 
carefully  investigate,  we  may  say  that  practically  the  work  of 
every  man  and  machine  is  open  for  us  to  study  and  measure. 

Students  are  handled  by  a  competent  instructor,  who  before 
joining  the  staff  of  these  schools  had  spent  his  life  as  a 
mechanic,  designer,  engineer,  and  works  manager.  "VTorking 
in  small  groups,  students  begin  by  measuring  up  different 
parts  of  the  plant,  afterwards  making  scale  drawings  of  the 
shops  and  departments.  In  turn  they  study  the  power  house, 
heating,  ventilating  and  lighting  equipments,  lavatory  and 
locker-room  accommodations,  and  every  department  of  the 
shops  from  offices  to  shipping  department,  making  notes, 
sketches  and  scale  drawings.  The  distribution  of  power  re- 
ceives special  attention,  also  the  handling  of  materials,  timing 
of  cranes,  and  the  work  of  the  move-men.  Then  follows  a 
critical  study  of  several  machine  tools  with  regard  to  their 
foundations,  installing,  lighting,  space  around,  setting  up 
work,  etc.  Sketches  of  jigs  and  fixtures  are  frequently  made. 
Finally  the  work  of  skillful  men  operating  high-grade  machine 
tools  is  studied  in  detail :  the  cutting  tools  are  tested  with  the 
scleroscope  and  compared  with  shape  charts;  tables  are  made 
of  all  data,  including  machine,  its  capacity,  make,  tool  used, 
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cut,  feed,  speed,  material  operated  upon,  and  output  as  to 
both  kind  and  grade. 

In  the  class-room  a  regular  course  of  lectures  is  given  on  the 
science  of  works  management,  in  connection  with  which  stu- 
dents write  weekly  theses.  The  following  will  give  an  idea  of 
the  ground  covered :  Analogy  of  the  living  Tree  and  the  ]\Ianu- 
facturing  Plant ;  Administration  Chart  for  Typical  Plant ; 
Plans  of  a  Model  Plant,  in  connection  with  which  a  theoretical 
study  of  systems  is  made  later ;  A  Typical  Routine  Chart  for 
small  Plant;  Complete  Routine,  covering  receipt  of  Order, 
Manufacture,  and  Shipping  of  a  Single  Piece ;  Classification 
of  Charges;  Productive  and  Non-Productive  Labor;  Depre- 
ciation and  Repairs;  Time  and  Cost  Keeping;  Overhead 
Charges;  Hourly  Burden;  Prime  Cost  and  Selling  Prices; 
Man  Work  and  Machine  Work;  Manager's  Records;  Changes 
in  Value  of  Plant;  Production  Books;  Wages;  Day,  Piece, 
Premium,  Bonus,  and  Task  Plans ;  Drawings  as  Official  Docu- 
ments and  their  vital  importance  in  any  System  for  Engineer- 
ing Plants ;  Drive  versus  Incentive ;  Functional  Foremen,  and 
the  Duties  of  the  Shop  Staff ;  Labor  Unions  and  Strikes ;  The 
Scientific  Designing  of  Printed  Forms ;  System  and  Red  Tape ; 
The  Developing  of  a  complete  but  simple  System;  Committee 
Work ;  Social  Betterments. 

We  have  found  that  in  order  to  maintain  interest,  the  work 
must  be  handled  in  a  simple  and  practical  way.  To  illustrate : 
the  difference  between  depreciation  expense  and  repair  ex- 
pense is  made  interesting  by  applying  the  argument  to  a  pair 
of  shoes  and  the  personal  reserve  fund.  Statistics  and  argu- 
ments that  are  of  great  interest  and  value  to  a  practicing 
engineer  sometimes  quite  fail  to  in  any  way  attract  or  instruct 
a  student. 

We  have  found  that  it  is  necessary  to  insist  upon  the  writing 
of  theses;  this  work  induces  interest,  especially  when  it  must 
be  done  in  the  student's  best  literary  style. 

We  believe  that  the  course  will  hold  a  permanent  place  in 
the  curriculum  of  the  school  of  applied  science.     Since  1908 
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when  our  first  class  graduated,  several  graduates  have  been 
appointed  to  responsible  managerial  positions,  and  we  now 
frequently  hear  from  them  with  more  or  less  full  accounts  of 
the  work  that  they  are  doing ;  these  accounts  are  always  inter- 
esting and  instructive.  "We  are  so  sure  of  the  value  of  the 
course  that  quite  recently  a  large  sum  has  been  appropriated 
for  the  building  and  equipping  of  a  production  laboratory  for 
special  experimental  and  research  work. 


RESULTS  OF  EXPERIENCE  IN  TEACHING  SCIEN- 
TIFIC SHOP  MANAGEMENT.* 

BY  HUGO  DIEMEK, 
Professor  of  Industrial  Engineering,  Pennsylvania  State  College. 

The  subject  of  this  paper  is  one  in  which  I  have  been  in- 
terested and  along  lines  in  which  I  have  been  working  in  the 
educational  field  for  nearly  ten  years.  At  the  1903  meeting 
of  this  society,  I  presented  a  paper  on  "Education  for  Fac- 
tory Management,"!  in  which  I  advocated  the  teaching  of 
shop  time  study  and  factory  economics  along  the  lines  indi- 
cated in  the  present  paper  by  Professors  Hibbard  and  Phil- 
brick.  At  the  1907  meeting  I  advocated  a  more  liberal  recog- 
nition of  the  field  of  industrial  engineering  by  advocating 
the  establishment  of  courses  in  industrial  engineering. t  A 
tentative  course  in  industrial  engineering  was  described  in 
the  Engineering  Magazine  in  June,  1908. §  This  course  was 
briefly  described  in  the  paper  presented  before  this  society, 
on  "Employers'  Requirements  of  Technical  Graduates"  by 
the  writer  in  1907.  |1 

I  am  convinced  that  the  correct  way  to  take  recognition 
of  the  problems  referred  to  is  to  recognize  Mr.  Charles  B. 
Going's  definition  of  industrial  engineering,  as  given  in  his 
recent  book  entitled  "  Principles  of  Industrial  Engineering." 
His  definition  is  as  follows: 

"Industrial  Engineering  is  the  formulated  science  of  management.  It 
directs  the  efficient  conduct  of  manufacturing,  construction,  transporta- 
tion, or  even   commercial  enterprises  and  any  undertaking,  indeed,  in 

*  Presented  as  a  part  of  the  discussion  of  the  paper  by  Professors 
Hibbard  and  Philbrick. 

t  Proceedings,  Vol.  XI,  page  151. 

t  Volume  XV,  page  110. 

§  Vol.  XXXV,  No.  3,  page  349. 

II  Vol.  XVII,  page  172. 
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which  human  labor  is  directed  for  accomplishing  any  kind  of  work. 
Industrial  engineering  has  drawn  upon  mechanical  engineering,  upon 
economics,  sociology,  psychology,  philosophy  and  accountancy,  to  fuse 
from  these  older  sciences  a  distinct  body  of  science  of  its  own.  It  does 
not  consist  merely  in  running  the  power  plant  or  machinery  nor  merely 
in  devising  processes  or  methods.  It  consists  in  co-ordinating  all  these 
things  and  others,  in  the  direction  of  the  work  of  operatives  and  using 
the  equipment  provided  by  the  engineer,  machinery  builder,  accountant 
and  architect. 

"The  industrial  engineer  may  have  in  his  organization  staff  many 
mechanical  engineers  superintending  special  departments — design  or 
construction,  or  the  power  plant,  for  instance — while  his  own  duty  is 
to  coordinate  all  these  factors  and  many  more,  for  the  one  great,  central 
purpose  of  efficiency  and  economical  production.  The  work  of  the  indus- 
trial engineer  not  only  covers  technical  counsel  and  superintendence  of 
the  technical  elements  of  large  enterprises,  but  extends  also  over  the 
management  of  men  and  the  definition  and  direction  of  policies  in  fields 
that  the  financial  or  commercial  man  has  always  considered  exclusively 
his  own. 

"Industrial  engineering  deals  with  machinery;  but  not  so  much  with 
its  design,  construction,  or  abstract  economy,  which  are  strictly  mechan- 
ical considerations,  as  with  selection,  arrangement,  installation,  opera- 
tion and  maintenance,  and  the  influence  which  each  of  these  points  or  all 
of  them  together  may  exert  upon  the  total  cost  of  the  product  which 
that  machinery  turns  out.  It  deals  with  materials,  but  not  so  much  with 
their  mechanical  and  physical  constants,  which  are  strictly  technical  con- 
siderations, as  with  their  proper  selection,  their  standardization,  their 
custody,  transportation  and  manipulation.  It  deals  very  largely  with 
methods;  but  the  methods  with  which  it  is  particularly  concerned  are 
methods  of  performing  work;  methods  of  securing  high  efficiency  in  the 
output  of  machinery  and  of  men;  methods  of  handling  materials,  and 
establishing  the  exact  connection  between  each  unit  handled  and  the  cost 
of  handling;  methods  of  keeping  track  of  work  in  progress  and  visualiz- 
ing the  result  so  that  the  manager  of  the  works  may  have  a  controlling 
view  of  everything  that  is  going  on;  methods  of  recording  times  and 
costs  so  that  the  efficiency  of  the  performance  may  be  compared  with 
known  standards;  methods  of  detecting  causes  of  low  efficiency  or  poor 
economy  and  applying  the  necessary  remedies.  It  deals  with  manage- 
ment— that  is,  with  the  executive  and  administrative  direction  of  the 
whole  dynamic  organization,  including  machinery,  equipment  and  men. 
It  deals  with  men  themselves  and  with  the  influences  which  stimulate 
their  ambition,  enlist  their  cooperation  and  insure  their  most  effective 
work.  It  deals  with  markets,  with  the  economic  principles  or  laws  affect- 
ing them  and  the  mode  of  creating,  enlarging,  or  controlling  them." 
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I  have  quoted  thus  at  length  from  Mr.  Going's  book  in 
order  that  there  may  be  a  distinct  understanding  that  we 
who  are  championing  the  cause  of  industrial  engineering 
have  no  desire  to  weaken  courses  in  mechanical  engineering 
nor  to  supplant  such  courses. 

There  is  no  question  but  that  machine  shop  work,  as  given 
in  college  shops,  is  capable  of  great  improvement.  At  the 
Pennsylvania  State  College  we  have  carried  on  a  course  in 
machine  shop  time  study  for  the  past  three  years.  I  attach 
to  this  paper  a  set  of  data  sheets  indicating  to  what  extent 
the  work  has  become  standardized  with  us  as  a  result  of 
these  three  years  of  experience.  "While  I  share  the  enthu- 
siasm of  Messrs.  Hibbard  and  Philbrick  for  everlasting  em- 
phasis on  principles,  I  wish  to  emphasize  the  fact  that  a  man 
who  would  attempt  to  be  an  efficiency  engineer,  depending 
on  principles  alone  and  without  experience  in  methods,  would 
be  just  as  inevitable  a  failure  as  the  half-baked  efficiency  en- 
gineer to  whom  the  authors  refer,  who  mistakes  systems  and 
methods  for  the  fundamental  science. 

By  way  of  illustrating  another  portion  of  our  methods, 
I  have  attached  also  a  copy  of  the  routing  or  instruction  sheet 
used  in  our  machine  shop,  with  the  simplest  exercise  in  the 
lathe,  consisting  of  the  turning  and  facing  of  a  small  cast 
iron  cylinder.  The  beginners  in  machine  shop  work  are  not 
given  the  time  elements  which  go  with  the  various  steps 
designated  in  the  instruction  card.  The  establishing  of  time 
elements  is  left  to  the  students  taking  the  time  study  course, 
who  make  comparison  of  their  results  vvith  figures  obtained 
through  the  courtesy  of  a  large  manufacturing  company, 
who  supplied  us  with  the  time  and  other  machine  data  which 
would  be  specified  for  the  pieces  if  they  were  being  run 
through  their  shop.  "We  also  conduct  a  planning  depart- 
ment and  "Daily  order  of  work"  board  in  our  machine  shop. 

The  point  I  vvish  to  emphasize  particularly,  however,  is 
that  if  we  want  to  carrj'  out  Messrs.  Hibbard  and  Philbrick 's 
policy  of  teaching  fundamental  principles  instead  of  teach- 
ing merely  methods,  we  must  recognize  industrial  ensinetfr- 
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ing  as  a  distinct  field  and  recognize  that  it  demands  men  of 
a  different  temperament  than  mechanical  engineering  and 
that  these  men  must  be  given  an  entirely  different  college 
course. 

The  four  years'  course  in  industrial  engineering,  as  given 
at  the  Pennsylvania  State  College,  prepares  the  student  de- 
siring to  enter  industrial  organizations  in  positions  leading 
to  superintendence,  purchasing,  selling,  scientific  management 
and  corporation  officerships.  It  aims  particularly  to  prepare 
for  the  bettering  of  industrial  efficiency.  It  prepares  the 
graduate  for  the  competent  handling  of  such  subjects  as 
departmental  management  in  factories,  determination  of 
costs,  depreciation,  manufacturing  statistics,  proper  distribu- 
tion of  expense,  economic  production,  systems  of  remuner- 
ating labor  and  raising  labor  efficiency,  the  handling  and  re- 
cording of  stores,  stock,  and  orders,  sales,  purchasing,  plan- 
ning of  production  and  production  methods,  corporation 
accounting,  and  allied  work,  leading  ultimately  to  superin- 
tendence, Tvorks  management  and  general  management. 

For  the  purposes  indicated  well-trained  engineers  are  re- 
quired; hence  the  course  includes  all  the  fundamental  en- 
gineering work  in  mathematics,  drawing,  physics,  chemistry, 
machine  design,  heat  engineering,  mechanics,  hydraulics,  and 
structures  that  are  common  to  all  other  engineering  courses 
of  the  School  of  Engineering.  But  more  time  should  be 
and  is  given  to  such  general  studies  as  industrial  economics, 
logic,  and  psychology,  also  to  specialized  work  in  accounting, 
factory  management,  shop  time  study,  machine  tools  and 
methods,  factory  planning,  and  more  shop  practice  in  gen- 
eral than  is  offered  in  other  engineering  courses.  The  study 
of  logic,  psychology  and  economics  is  intended  to  give  the 
student  the  underlying  foundations  for  acquiring  ability  to 
get  along  with  men  as  a  shop  executive,  a  salesman,  purchas- 
ing agent  or  business  manager,  and  to  arrange  and  plan  his 
work  logically  and  systematically.  The  large  amount  of 
shop-work  and  shop  methods,  corporation  accounting,  cost 
accounting  and  factory  economics,  will  give  bim  a  grasp  of 
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these  matters  which  should  be  of  material  value  in  manu- 
facturing processes. 

The  course  offered  is  in  line  with  replies  received  from 
many  manufacturers  to  a  canvass  of  them  to  get  their  opinion 
as  to  what  studies  best  train  for  their  industries. 

Following  are  a  few  of  the  printed  forms  illustrating  some 
of  our  methods  in  connection  with  the  application  of  the 
principles  of  scientific  management  in  our  machine  shop, 
namely  Tool  List,  Instruction  Card,  and  Time  Study  Notes. 

My  object  in  exhibiting  these  examples  of  what  we  have 
done  and  what  we  are  doing  is  to  present  helpful  sugges- 
tions to  others  planning  to  undertake  this  work  and  to  elicit 
further  suggestions  from  others  along  the  same  line. 


TOOL  LIST 

FOR 


OPERATION 
Turn  and  Face 


MACHINE  No DRAW.  Nos 501. 


PIECES 


NAME 


SIZE 


TOOL  SYMBOL 


Exercise  must   be  centered  with  drill  and  countersink  on 
speed  lathe  equipped  for  this  purpose. 

Carrier  2^^ 

Round  nose  PP 

Side 


Side 
File 


12 


PRR 

PUBC 

PUSG 


The  above  tool  list  is  handed  each  student  together  with  the 
detailed  instruction  list  covering  movements  and  methods,  the 
tools  being  provided  in  a  box,  ready  to  use,  for  each  indi- 
vidual. 
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List  of  Operations  Appzakixg  in  Column  of  Detailed  Instbucrions 
FOB  THE  Operation  of  Laying  out  and  Drilling  Centers. 
(1)  Change  card.  (2)  Learn  what  is  to  be  done.  (3)  Remove  fina 
or  roughness  from  piece  on  emery  wheel.  (4)  Grind  scale  from  enda 
before  centering.  (7)  Put  piece  in  vise  and  clamp.  (S)  Chalk  one  end. 
(9)  Find  center  of  one  end  with  hermaphrodites.  (10)  Punch  where 
marked  with  center  punch.  (11)  Turn  piece  end  for  end  in  vise  and 
clamp.  (12)  Bepeat  items  7  to  10  for  other  end.  (13)  Take  piece  to 
speed  lathe.  (14)  Put  centering  drill  in  chuck.  (15)  Put  one  center 
punch  mark  in  tail  stock  center.  (16)  Bring  the  other  center  punch 
mark  to  drill.  (17)  Start  machine.  (IS)  Drill  hole  3/8''  deep.  (19) 
Bepeat  items  15  to  18  for  other  end.  (20)  Stop  machine.  (21)  Eemove 
drill,  put  in  60°  countersink.  (22)  Change  speed  (slower).  (23)  Put 
one  drilled  hole  on  center  in  tail  stock.  (24)  Bring  other  hole  to  coun- 
tersink. (25)  Start  machine.  (26)  Countersink  hole  to  5/16"  dia. 
(27)  Back  piece  from  countersink.  (28)  Bepeat  items  23  to  27  for  other 
end.  (29)  Take  piece  from  machine  and  clean,  put  tools  in  proper  place. 
(30)  Take  piece  to  vour  assigned  machine.  (31)  Set  machine  and  see 
that  centers  are  true.  (32)  Put  carrier  on  one  end  of  piece  and  tighten. 
(33)  Clean  centers  in  both  ends  of  piece.  (34)  Put  piece  in  machine 
and  oil  tail  stock  center.  (35)  Adjust  machine  and  put  in  backgears. 
(36)  Put  PUBC  or  PUSC  in  tool  post.  (37)  Adjust  tool  and  tighten 
same,  tool  to  set  15"  to  the  left.     (38)   Start  machine. 

List  of  Operations  fob  Turning  and  FAaxc. 
(1)  Face  end,  remove  all  scale  with  first  cut.  (2)  Finish  facing  with 
2d  cut,  take  3d  cut  if  necessary.  (3)  Stop  machine.  (4)  Beverse  piece, 
put  carrier  on  other  end.  (5)  Put  piece  in  machine  oil.  center  on  tail 
stock  end.  (6)  Start  machine.  (7)  Bepeat  items  1  to  3  for  other  end. 
(8)  Make  length  of  piece  exact  size  on  print.  (9)  Stop  machine  and 
measure.  (10)  Bemove  tool,  put  in  PEB.  (11)  Set  tool  about  15°  to 
left  and  tighten  same.  (12)  Start  machine.  (13)  Move  tool  to  the 
piece  at  tail  stock  end.  (14)  Bough  turn  piece  to  within  i"  of  carrier 
and  make  2  3/32"  dia.  (15)  Stop  machine.  (16)  Beverse  piece,  put 
carrier  on  other  end.  (17)  P*ut  piece  in  machine,  oil  center  on  taD  stock 
end.  (18)  Start  machine.  (19)  Bough  turn  balance  of  piece  to  2  3/32' 
dia.  (20)  Stop  machine,  see  if  tool  is  sharp.  (21)  If  sharp  finish  turn 
to  within  i"  of  carrier.  (22)  Stop  machine.  (23)  Beverse  piece,  put 
band  of  copper  on  finished  end,  clamp  carrier  on  same.  (24)  Put  piece 
in  machine.  (25)  Start  machine.  (26)  Finish  turn  balance  of  piece  to 
2  1/16"  dia.  (27)  Stop  machine  gauge  and  measure.  (28)  CTean 
machine.  (29)  Bemove  carrier  from  piece  and  pot  on  rack.  (30)  Clean 
piece  and  stamp  your  number  on  same. 

Note: — Place  piece  together  with  instruction   cards,  print  templates 
and  gauges  on  desk  in  the  oflBce. 
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We  have  extended  the  principle  of  detailed  instruction 
sheet  and  motion  study  to  the  forge  shop  also.  The  follow- 
ing list  is  taken  from  the  instruction  sheet  for  standard 
exercise  No.  1.  The  department  is  working  out  similar 
sheets  for  instruction  in  wood  shop  operation  and  foundry 
exercises.  By  the  close  of  the  present  year  we  hope  to 
have  all  of  our  present  series  of  shop  exercises  standardized. 

List  of  Opeeations  fob  Heating  and  Bending  Wrought  Ieon 
(3  Inch  Eing). 

(1)  Clean  all  clinkers  and  ashes  off  tuyere.  (2)  See  that  tuyere  holes 
are  clean.  (3)  Try  blast  (see  that  it  is  free).  (4)  Place  3"  wood  pin 
on  tuyere.  (5)  Pack  green  coal  tightly  around  pin.  (6)  Draw  pin  out. 
(7)  Put  shavings  or  oUy  waste  on  tuyere.  (8)  Light  shavings  or  oUy 
waste.  (9)  Turn  on  small  amount  of  blast.  (10)  Put  crushed  coke  on 
lighted  shavings.  (11)  Turn  on  more  blast.  (12)  Put  more  coke  on 
fire.  (13)  Get  stock  (1  pc.  i"  rd.  lOi  in.  long).  (14)  Put  stock  in 
fire.  (15)  Heat  stock  yellow  heat  1"  from  end.  (16)  Eemove  stock 
from  fire  with  flat  tongs.  (17)  Square  up  end  of  stock  with  hammer. 
(IS)  Reverse  stock  and  place  it  in  fire.  (19)  Heat  stock  to  yellow  heat. 
(20)  Eemove  stock  from  fire  with  flat  tongs.  (21)  Eepeat  operation  17. 
(22)  Place  stock  in  fire.  (23)  Heat  stock  to  red  heat  2/3  length  of 
stock.  (24)  Eemove  stock  from  fire  with  flat  tongs.  (25)  Bend  stock 
half-way  round  horn  of  anvil.  (26)  Eeverse  stock  and  place  in  fire  with 
flat  tongs.  (27)  Heat  to  red  heat.  (28)  Eemove  stock  from  fire  (flat 
tongs).  (29)  Bend  straight  end  around  horn  of  anvil.  (30)  Complete 
exercise  on  horn  of  anvil  or  mandril.  (31)  Have  piece  inspected.  (32) 
Fill  out  work  card  and  tie  to  exercise.  (33)  Put  finished  exercise  in 
box  for  finished  work.  (34)  Eeturn  this  instruction  card  and  blue  print 
to  proper  place.  (35)  Get  instruction  in  card  and  blue  print  No.  2. 
(36)  Eead  same  carefully. 

The  detailed  instruction  sheets  showing  minutely  all  mo- 
tions and  methods,  are  furnished  with  the  blue-prints  of  the 
exercises  during  the  first  half  of  each  semester's  shop  course. 
Our  experience  has  been  that  the  student  finishes  these  pieces 
under  this  system  in  about  two-thirds  of  the  time  formerly 
taken,  without  the  system.  During  the  second  half  semester 
each  student  works  without  the  tool  list  and  instruction  sheet, 
and  in  addition  to  performing  the  exercise,  prepares  a  tool 
list  and  detailed  instruction  sheet  himself,  which  is  then  cor- 
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reeled  by  the  instructor.  The  Time  Study  work  is  given  only 
to  those  taking  the  Industrial  Engineering  Course.  The  fol- 
lowing notes  will  indicate  the  nature  of  this  work : 

Time  Study  Notes. 
Eead  over  carefully  before  beginning  work. 

1.  Make  sure  that  there  is  at  hand  all  of  the  following  equipment 
before  beginning  work:  watch,  stop-watch,  cutmeter,  speedometer,  bal- 
ances, or  scales,  set  of  weights,  calipers,  12-inch  scale,  and  materials  for 
recording. 

2.  Begin  to  take  time  when  operator  starts  to  get  stock,  and  keep 
accurate  record  of  every  second  until  piece  is  finally  completed.  All 
time  must  be  accounted  for. 

3.  While  operator  is  getting  stock,  prepare  scales  for  weighing  and 
have  instruments  at  hand  for  measuring.  Insert  sketch  of  piece  in 
rough  in  the  proper  place. 

4.  Before  starting  to  machine  the  piece,  both  operator  and  observer 
must  carefully  examine  machine,  see  that  centers  are  in  line,  become 
familiar  with  each  handle,  knob  or  lever  connected  to  the  machine, 
together  with  the  different  actions  of  the  machine  when  any  one  of  these 
are  adjusted.  After  this,  the  operator  will  oil  the  machine  wherever 
there  is  a  cup  or  hole  for  same. 

5.  After  roughing  cut  has  begun,  take  cut  meter  and  speedometer 
readings  and  record;  then  sketch  and  measure  cutting  tools  not  then  in 
use.  In  this  manner,  keep  abreast  of  the  operator  in  order  that  an 
accurate  and  full  record  of  all  procedure  may  be  had.  Don't  forget  to 
weigh  after  each  operation. 

6.  The  observations  on  each  separate  experiment  must  be  computed  and 
recorded,  presented  to  the  instructor  in  charge,  and  receive  his  approval 
before  the  next  experiment  in  the  series  is  begun.  Be  sure  that  you 
have  the  time  per  cubic  inch  and  per  lb.  for  each  operation  completely 
figured  on  one  piece  before  going  to  work  on  another  piece.  A  copy  of 
the  correct  computation  must  be  kept  on  the  back  of  the  recording  sheets 
as  a  check  upon  errors. 

iNSTBUCnONS    TO    OpERATOE. 

1.  The  observer  as  well  as  the  operator  must  use  extreme  care  in  mak- 
ing time  studies,  to  see  that  the  proper  sequence  of  operation  is  main- 
tained, and  all  unnecessary  operations  or  moves  are  eliminated.  Also 
that  the  most  economical  combinations  of  speed,  feed  and  cut  are  used, 
as  well  as  the  most  suitable  tool  for  each  operation.  If  at  any  time,  the 
observer  is  in  doubt  as  to  the  correctness  of  time  on  an  operation,  the 
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operator  on  request  of  the  observer,  will  repeat  anv  or  aU  operations 
desired. 

2.  Do  not  start  for  stock  until  obserrer  has  everything  in  readiness  for 
the  eiperiment. 

3.  Do  not  fail  to  keep  observer  fullv  informed  of  every  detail  of 
procedure,  so  that  a  perfect  record  of  the  erperiment  may  be  made. 
The  operator  can  help  materially  in  this. 

4.  Do  not  fan  to  weigh  the  piece  after  each  metal-removing  operation 
and  have  the  observer  record  the  weight. 

5.  See  note  6  above. 

Time  observations  to  be  taken  in  minutes  and  decimals  of  a  minute. 
Weight  observations  to  be  taken  in  lbs.  and  decimals  of  a  lb. 
Measurements  to  be  taken  in  inches  and  decimals  of  an  inch. 
The  weight  of  a  cubic  inch  of  cast  iron  is  .2604  lb.  (Kent). 
The  weight  of  a  cubic  inch  of  steel  is  .2S33  (Kent). 
The  values  of  seconds  in  the  decimal  of  a  minute  are  as  follows: 


Sec 

Min. 

S«c. 

Min. 

Sec. 

Min. 

S€C. 

Min. 

Sec. 

Min. 

Sec- 

Min. 

1 

.017 

n 

.18-5 

21 

.3-50 

31 

.517 

41 

.683 

51 

.8-50 

2 

.033 

12 

.200 

oo 

.367 

32 

..533 

42 

.700 

52 

.867 

3 

.050 

13 

.217 

23 

.383 

33 

.550 

43 

.717 

53 

.883 

4 

.067 

14 

.233 

24 

.400 

34 

.-567 

44 

.733 

54 

.900 

5 

.083 

15 

.250 

25 

.417 

35 

..5S3 

4-5 

.750 

DO 

.917 

6 

.100 

16 

.267 

26 

.433 

36 

.600 

46 

.767 

56 

.933 

7 

.117 

17 

.383 

27 

.4-50 

37 

.617 

47 

.783 

57 

.950 

S 

.133 

IS 

.300 

28 

.467 

38 

.633 

48 

.800 

58 

.967 

9 

.150 

19 

.317 

29 

.483 

39 

.6-50 

49 

.817 

59 

.983 

10 

.1<57 

20 

.3:53 

30 

.bOO 

40 

.686 

50 

.833 

60 

1.000 

Given : 


Then 


and 


FORMXXAS   FOB    COitPtTTATION'. 

K  ^  weight  per  cu.  in.  of  materiaL 
I  =  time  elapsed  at  a  given  operation. 
A  =  weight  of  metal  removed  at   the  given  operation. 
I  =  time  per  cu.  in.  of  metal  removed. 
P  =  time  per  pound  of  metal  removed. 

I  =  KT'A 


P  =  T/A. 

If  it  is  impossible  to  secure  decimal  weights  in  avoirdupois,  weigh  the 
piece  by  metric  weight  and  convert  to  lbs.  by  the  following: 

I  kg.  =  1,000  g.  =  2.20462  lbs.  avoir.  (Kent). 

This  will  give  accurate  weight. 

1.  Std.  roughing  and  finishing  tools  to  be  used. 
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2.  Eoughing  cut  or  cuts  to  be  deep  as  possible. 

3.  Speed  of  spindle  to  be  fast  as  possible. 

4.  Feed  of  carriage  to  be  fast  as  possible. 

Note. — Nos.  2  to  4  must  be  found  by  trial,  and  are  satisfactory  only 
if  the  roughing  tool  is  ready  for  re-sharpening  at  the  completion  of  the 
exercise.  Care  must  be  taken  that  the  speed  of  the  spindle  is  not  too 
fast,  for  in  this  case  the  temper  of  the  tool  will  be  drawn  (tool  burned) 
making  it  impossible  to  use  again  before  forging  and  tempering. 

5.  Slower  spindle  speeds  and  faster  feeds  for  roughing  work  should  be 
used. 

6.  Faster  spindle  speed  and  slower  feed  for  finishing  work  should  be 
used. 

7.  Exercises  must  be  permanently  centered  and  countersunk. 

8.  All  gates  and  fins  must  be  ground  or  chipped  from  castings  before 
centering. 

9.  When  turning  work,  cut  must  be  sufficiently  deep  to  remove  all 
scale. 

10.  Both  ends  of  the  piece  must  be  faced  before  starting  to  turn. 

11.  When  facing  work  never  allow  stub  end  of  center  to  remain,  face 
completely  across  ends  of  work. 

12.  Always  rough  the  entire  piece  before  starting  to  finish  it. 

14.  Allow  1/32"  for  finish  on  cast  iron  and  1/64"  for  finish  on  steel. 

15.  Before  clamping  dog  or  carrier  on  finished  piece  of  work,  put 
band  of  copper  around  the  work  to  prevent  marking  or  dents. 

16.  Never  lay  lathe  tools  or  file  on  lathe  shears. 

17.  When  filing  work,  see  that  no  parts  of  machine  are  in  motion 
except  lathe  spindle. 

18.  For  filing  steel,  run  spindle  at  highest  speed,  also  for  polishing 
same. 

19.  For  filing  cast  iron,  run  somewhat  slower  than  for  steel;  for 
polishing,  run  on  same  speed  as  for  polishing  steel. 

20.  Always  clean  file  with  stick  or  brush,  never  rub  hand  on  file. 

21.  When  filing,  never  touch  work  with  your  hand. 

22.  Always  take  measurements  from  one  end  of  work  only. 

23.  Use  cut  meter  for  surface  speed. 

24.  Use  speedometer  for  spindle  speeds. 

25.  Use  stop  watch  for  each  operation. 

Time  Study  Data. 

Exercise  No Machine  No 

Date  Started Date  Finished Time  Eeq'd 

Observer Box  No Group  Letter 

Operator 

Wt.  Eough Wt.  Finished Wt.  Eemoved 
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(General   Data) 
Sketch  of  Eough  Piece:  Sketch  of  Finished  Piece: 

Note. — Fill  in  the  space  below  the  condition  of  each  tool,  after  each 
operation ;  also  the  reason  for  the  condition  the  tool  is  in. 

If  changes  were  made  from  original  tool  list,  give  reasons  for  it.  If 
tools  had  to  be  re-ground  or  retempered,  record  here. 

Further  remarks: 


Opera- 

Surface 
Speed. 

Spindle 
Speed. 

Feed. 

Depth  of 
Cut. 

Weight 
Piece. 

Time. 

Steps. 

Start. 

Finished. 

Elapsed. 

1 

2 

3 

etc. 

Exercise . 


Group   Letter Machine   No. 


Extra  blank  sheets  covering  individual  operation  data  are 
furnished,  the  student  being  encouraged  to  get  too  many 
rather  than  not  enough  operation  data.  The  individual  data 
are  then  collected  into  a  summary,  as  below: 

Summary :  Group  Letter 

Give   a  list   in   proper    order   of   all   operations   in   which  metal  was 
removed,   stating  whether   emery   grinding,  roughing,  finishing,   facing, 
boring,  thread  cutting,  drilling,  planing,  and  a  total  of  time  for  all  like 
operations,  etc. 
Actual  time  spent  in  removing  metal  only  to  be  listed  separately: 


Hours. 


Minutes. 


Grouped  Operation  No 

1 

2 

3,  etc.,  to 

10 - 

Time  getting  material 

Time  weighing 

Time  getting  tools 

Time  grinding  tools 

Time  setting  up 

Time  spent  in  other  operations 


Total  time  (should  check  with  .Sheet  1). 
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Group  Letter. 

Weight  of  material  per  cu.  in 

Total  weight  of  material  removed 

Cubic  inches  of  material  removed 

Give  total  time  for  all  like  operationg 

Give  total  weight 


Operation 
No. 

Total  Time 

RemoTing 

Metal  by  This 

Operation. 

Total  Wt. 
after  This 
Operation. 

Total  Wt. 

RemoTed 

by  this 

Operation. 

Time  per 
Cubic  Inch. 

Time  per 
Pound. 

1. 
2. 
3. 

Etc. 

Time  of  getting  ready  per  cu.  in per  lb. 

Time  of  tool  grinding  per  cu.  in per  lb. 

Time   of   active   metal   removed  per  cu.  in per  lb. 

All  other  time   per  cu.  in per  lb. 

Total   time    per  cu.  in per  lb. 


10 


GRADUATE   COURSES  IN  HIGHWAY   ENGINEER- 
ING   AT    COLUMBIA    UNIVERSITY. 

BY    Ai:7HT.'2    H.    BL.^'CHA'RT), 
I*rofe5;:r   ::  Hiri-ij  Zig:ieer::ir.  C :  1  .imbia  Univereity. 

T:: :  =:  -  v^  :  ._  fv  engineering  in  the  United  States  was 
:  srii::  :  :  -  :his  Society  at  the  New  York  meeting 
:z   :  :::7   Zi;:i.  Logan  Waller  Page,  Director  of  the 

U::::  -  :  -^  !  fr  i  of  Pnblic  Roads.  As  stated  by  Mr.  Page, 
many  years  will  elapse  before  the  supply  of  thoronghly 
trained  highway  engineers  will  exceed  the  demand.  The  con- 
ditions existing  in  1909  have  not  been  materially  improved 
during  the  past  two  years. 

The  technical  graduate  who  is  attracted  to  highway  engi- 
neering has  several  more  or  less  well  defined  fields  open  to 
him,  namely :  the  highway  departments  of  municipalities  and 
towns;  those  of  states,  counties  and  parks;  the  engineering 
organizations  of  contractors;  and  the  engineering  and  sales 
departments  of  companies  dealing  in  materials  and  machinery 
used  in  highway  work.  In  city  and  town  work,  matters  rela- 
tive to  the  construction  and  maintenance  of  streets  and  pave- 
ments compose  the  bulk  of  the  work  assigned  to  the  highway 
departments  together  vritii  more  or  less  road  engineering  prob- 
lems. "With  state,  jinrr  and  park  departments,  the  con- 
struction and  maintrn ane  of  all  tyx)es  of  road  surfaces  and 
bituminous  pavements  constitutes  ninety  per  cent,  of  the 
work  of  such  organizations  while  certain  problems  in  street 
pavements  and  highway  bridges  have  to  be  dealt  with  occa- 
sionally. The  prevailing  idea,  however,  that  the  two  fields 
just  mentioned  are  easily  separable  and  that  the  preparation 
for  one  should  not  be  the  preparation  for  the  other  is  essen- 
tially wrong.     Since  the  lines  of  demarcation  between  the 
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above  fields  are  rapidly  becoming  obliterated,  the  successful 
highway  engineer  of  to-day,  whether  engaged  by  the  city  or 
state,  must  have  a  comprehensive  knowledge  of  all  branches 
of  highway  engineering  and  allied  subjects.  Otherwise  it  is 
obvious  that  it  will  be  impossible  to  follow  that  important 
principle  of  economics  of  highway  engineering,  the  adaptation 
of  methods  and  materials  to  local  conditions. 

In  contemplation  of  these  opportunities,  the  essential  pre- 
requisites of  a  successful  career  as  a  highway  engineer  must 
be  given  due  consideration  in  order  that  the  future  pros- 
pects offered  by  this  field  of  engineering  may  be  thoroughly 
understood. 

The  ideal  foundation  consists,  first,  of  four  years'  training 
in  a  course  in  civil  engineering;  second,  practical  experience 
in  both  field  and  office  in  connection  with  the  construction  and 
maintenance  of  roads  and  pavements  on  a  system  of  highways; 
and,  third,  the  acquisition  of  knowledge  along  certain  lines  of 
particular  value  to  the  highway  engineer. 

In  explanation  of  the  last  prerequisite  it  might  be  stated 
that  to  be  well  informed  the  highway  engineer  must  acquire 
considerable  knowledge  relative  to  the  economics  of  highway 
engineering,  materials  of  highway  engineering,  management 
engineering,  highway  laws  and  sj'stems  of  administration, 
mechanical  appliances  used  in  highway  engineering,  highway 
bridges  and  culverts,  road  and  street  surveying,  drafting  and 
designing,  methods  used  in  a  road  material  laboratory,  ad- 
vanced dynamic  and  structural  geology,  lithology,  petrology 
and  petrography,  processes  of  industrial  chemistry,  methods 
of  testing  bituminous  materials  and  the  interpretation  of 
results,  and  finally,  advanced  highway  engineering  covering 
the  most  recent  practice  throughout  the  world  in  the  con- 
struction and  maintenance  of  all  kinds  of  roads  and  pavements. 

The  fulfillment  of  the  first  two  prerequisites  mentioned  is 
easily  accomplished  except  that  the  graduate  of  one  or  two 
years'  standing  may  with  difficulty  retain  his  position  during 
the  months  from  December  to  March  inclusive,  especially  if  he 
is  connected  with  a  state  or  county  department  or  the  organ- 


148  HIGHWAY  EXGIXEEEESTG   AT    COLUMBIA. 

ization  of  a  contractor.  In  these  fields  of  highway  engineer- 
ing the  immense  amount  of  work  to  be  completed  during  the 
construction  season  in  the  north  requires  the  maximum  engi- 
neering force  obtainable  both  in  the  field  and  in  the  office, 
while  during  the  four  months  mentioned  above,  the  natural 
confinement  of  a  large  percentage  of  the  work  to  the  office 
necessitates  reducing  the  engineering  staff.  The  prospect  of 
being  without  work  for  four  months  of  the  year  has  prevented 
many  high-grade  technical  graduates  from  entering  the  field 
of  highway  engineering.  In  certain  cases  it  has  been  possible 
by  cooperation  between  state  highway  departments  and  col- 
leges giving  courses  in  civil  engineering  to  mitigate  the  evils 
of  this  situation.  As  a  concrete  example  may  be  cited  the 
writer's  experience  while  he  was  Deputy  Engineer  of  the 
State  Board  of  Public  Eoads  of  Rhode  Island.  Many  of  the 
best  civil  engineering  students  at  Brown  University  were 
employed  throughout  the  coUege  year  part  time  and  during 
vacations  all  the  time,  year  in  and  year  out.  with  the  natural 
result  that  upon  graduation  some  became  members  of  the 
permanent  force.  At  all  times,  however,  the  office  force  con- 
sisted of  trained  men  of  a  number  commensurate  with  the 
work  of  a  given  season.  It  should  be  said  that  in  many  cases 
this  plan  will  not  work  out  satisfactorily  for  the  field  or 
inspection  force,  due  primarily  to  the  fact  that  while  the  con- 
struction season  extends  from  April  to  November  inclusive  in 
certain  sections  of  the  country,  the  long  vacations  cover  only 
June  to  September  inclusive,  hence  the  impracticability  of 
utilizing  undergraduates,  resident  at  the  University,  in  the 
months  of  April,  May,  October  and  November  in  the  above 
field  positions. 

The  third  prerequisite  mentioned  might,  of  course,  be  cov- 
ered by  collateral  reading,  but  it  is  self-evident  that  only  a 
very  limited  idea  of  certain  of  the  subjects  mentioned  can  be 
acquired  in  this  way.  Especially  is  this  statement  applicable 
to  over  fifty  per  cent,  of  the  subjects  which,  it  is  apparent, 
must  be  illustrated  and  exemplified  by  laboratory  equipment 
and  well  stocked  museums  or  developed  through  the  medium 
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of  research  library  work.  The  United  States  Office  of  Public 
Roads,  through  the  medium  of  its  corps  of  civil  engineering 
students,  offers  a  method  by  which  a  limited  number  of  men 
may  receive  training  in  the  construction  of  roads  and  instruc- 
tion in  various  subjects  related  to  highway  engineering.  How- 
ever, as  Mr.  Page  stated  in  1909,  "this  plan  will  provide  but 
a  small  percentage  of  the  engineers  that  will  be  required." 

The  problem  before  the  educational  institutions  of  this 
country  is  that  of  determining  by  what  method  the  subjects 
outlined  above  can  be  offered  upon  a  practical  basis.  The 
writer  does  not  favor  a  four-year  undergraduate  course  in 
highway  engineering,  not  only  because  of  the  varied  and 
potent  reasons  which  have  been  presented  to  this  Society  on 
various  occasions  with  reference  to  specialized  undergraduate 
courses,  but  also  because  undergraduate  students  are  not  suffi- 
ciently mature  to  acquire  the  benefits  which  should  be  derived 
from  a  combination  of  practical  experience  and  specialized 
knowledge. 

The  most  practicable  plan  is  to  arrange  a  definite  course  of 
instruction  as  a  unified  graduate  course  based  on  the  assump- 
tion that  the  technical  graduates  enrolled  for  the  Master's 
Degree  will  hold  undergraduate  degrees  in  civil  engineering. 
If  the  graduate  instruction  is  to  be  given  in  the  period  from 
about  December  1st  to  about  April  1st  it  will  be  possible  for 
practicing  highway  engineers,  especially  first,  second,  and 
third  year  graduates,  to  use  the  winter  period  advanta- 
geously in  acquiring  advanced  knowledge  under  favorable 
circumstances. 

It  is  gratifying  to  the  highway  engineering  profession  and 
that  portion  of  the  public  interested  in  the  development  of 
good  roads  and  streets  throughout  the  United  States  that 
Columbia  University  should  have  decided  to  establish  grad- 
uate courses  in  highway  engineering  based  upon  a  most  com- 
prehensive plan  embodying  the  principles  enunciated  above. 

The  new  graduate  courses  to  be  offered  at  Columbia  next 
year  will  cover  the  field  of  subjects  referred  to  previously  in 
this  paper  and  will  in  amount  be  sufficient  to  satisfy  the 
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requirements  for  the  Master's  Degree.  As  the  period  of 
attendance  will  be  from  December  to  March  inelusiTe.  equiva- 
lent to  about  one  semester,  two  periods  of  residence  will  be 
required  to  fulfill  the  requirements  for  the  D^ree. 

The  tentative  arrangement  of  the  graduate  courses  to  be 
offered  is  as  follows : 

First  Year. 

Processes  of  Industrial  Chemistry, 

Dynamical  and  Structural  Geology, 

Advanced  Highway  Engineering, 

Materials  of  Highway  Engineering, 

Seminary  in  Current  Highway  Engineering  Literature, 

Lectures  by  Highway  Engineers.   Chemists   and  Other 

Experts, 
Mechanical  Appliances  Used  in  Highway  Engineering, 
Highway  Bridges  and  Culverts, 
Eoad  Surveying,  Drafting  and  Designing. 

Second  Tear. 

Industrial  Chemical  Laboratory. 

Lithology,  Petrology  and  Petrography, 

Advanced  Highway  Engineering, 

Highway  Laws  and  Systems  of  Administration, 

Seminary  in  Current  Highway  Engineering  Literature, 

Lectures  by  Highway  Engineers,   Chemists   and  Other 

Experts. 
Road  ]^Iaterial  Laboratory, 
Management  Engineering, 
Street  Surveying.  Drafting  and  Designing. 
As  the  special  staff  of  instructors  has  been  appointed  and 
as    the    various    laboratories    required    will    be    completely 
equipped  in  the  near  future  all  the  advanced  courses  in  high- 
way engineering  and  allied  subjects  as  outlined  in  the  above 
schedule  will  be   open   to   properly   qualified   persons   next 
December. 

It  is  of  interest  to  note  that  this  plan  has  the  enthusiastic 
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support  of  many  of  the  foremost  highwav  officials  and  engi- 
neers in  the  United  States.  All  emphasize  the  feasibility  of 
granting  four  months'  leave  of  absence  to  practically  all  the 
young  civil  engineers  who  wish  to  take  graduate  courses  in 
highway  engineering.  It  is  the  hope  of  those  interested  in  the 
higher  education  of  highway  engineers  in  the  United  States 
that  it  will  be  possible  in  the  near  future  to  lay  the  founda- 
tion for  the  establishment  of  a  corps  of  highway  engineers 
comparable  to  that  admirable  body  of  trained  men  who  have 
graduated  from  I'Ecole  Xationale  des  Fonts  et  Chaussees  of 
France. 

Discussion. 

Maj.  W.  W.  Crosby  (by  letter)  :  The  writer  wishes  first 
to  express  his  deep  appreciation  of  the  effort  being  made  by 
Columbia  University  and  Professor  Blanchard  to  improve 
present  conditions  in  highway  engineering  and  to  wish  them 
both  the  utmost  success  in  their  efforts.  Further,  he  believes 
that  much  good  will  result  from  these  efforts,  which  to  him 
seem  the  most  logical  as  well  as  practical  of  any  of  the  sort 
yet  begun. 

Professor  Blanchard  refers,  with  disfavor,  to  specialization 
in  undergraduate  courses  and  the  writer  cannot  forbear 
accenting  this  point.  In  the  past  few  years,  a  number  of  insti- 
tutions have  established  an  undergraduate  course  in  highway 
engineering.  This  has  evidently  been  a  well  meant  aid  to  the 
profession  but,  in  the  opinion  of  the  writer  at  least,  the  result, 
or  any  result  possible  from  such  a  course  of  action,  will  be  a 
hea\'y  detriment  rather  than  an  aid.  Arguments  along  this 
line  have  probably  already  been  presented  to  the  Society. 
Consequently,  the  plan  of  Columbia  University  for  requiring 
a  bachelor's  degree  for  admission  to  the  course  in  highway 
engineering  has  the  approval  of  the  writer.  Such  a  founda- 
tion is  none  too  expansive  on  which  to  rear  a  specialty  requiring 
as  great  a  breadth  of  mind  and  action,  as  do  the  demands  on  a 
highway  engineer.  The  period  for  the  instruction  to  be  given 
is  well  chosen  and  the  tentative  arrangement  of  the  courses 
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seems  admirable.  Perfection  in  the  latter  will  probably  be  a 
matter  of  evolution  rather  than  of  prescription.  If  now  the 
younger  engineers  of  the  country  can  be  made  to  see,  as  the 
writer  believes  he  does,  the  possibilities  now  opened  to  them 
along  the  line  of  highway  engineering,  then  there  is  no  doubt 
but  that  the  hope  expressed  by  Prof.  Blanchard  will  be  realized. 

In  this  connection,  the  writer  invites  the  attention  of  this 
Society  to  the  following: 

ZSiIay  not  Mr.  R.  T.  Crane  have  considerable  truth  on  his  side 
when,  in  arguing  against  college  education,  he  accuses  college 
men  of  too  often  lacking  industry,  perseverance  and  prac- 
tieality?  May  not  these  deficiencies  exist,  to  a  certain  extent 
at  least,  because,  as  State  Superintendent  of  Public  Instruc- 
tion L.  L.  "Wright,  of  ^Michigan,  says,  of  too  many  vacations? 
If  so,  then  Columbia  is  doing  her  part  along  a  line  to  meet 
this  also.  The  writer  has  for  years  attempted,  as  far  as  his 
opportunities  offered,  to  assist  on  the  other  end  of  the  line, — 
I.  e..  by  employing  men  during  their  vacations.  He  is  con- 
vinced that  were  young  engineers  accustomed  to  working 
steadily  and  ambitiously  from  the  beginnings  of  their  courses 
in  the  high  schools  either  in  the  study,  laboratory,  class  room, 
or  in  the  field,  with  vacation  allowances  varying  from  one- 
quarter  of  the  present  time  in  the  earlier  years,  to  one-eighth 
in  the  later  days  of  college  life,  not  only  would  most  of  the 
objections  now  raised  by  their  employers  disappear,  but  also 
would  the  interests  of  the  profession  and  of  the  men  them- 
selves be  wonderfully  advanced. 

From  his  experience  as  an  employer,  however,  the  writer 
feels  constrained  to  state  that  too  large  a  number  of  the  young 
college  men  available  for  his  work  have  seemed  to  lack  either 
breadth  of  view,  as  a  result  of  too  narrow  and  specialized 
training,  or  persistent  industry  as  a  result  of  too  much  play 
during  the  later  years  of  their  education. 

Mr.  Nelson  P.  Lewis  (by  letter)  :  The  information  con- 
tained in  Professor  Blanchard  "s  paper  on  the  status  of  high- 
way engineering  in  the  United  States  and  the  plans  of  Colum- 
bia University  for  graduate  courses  in  this  subject  are  grati- 
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fying.  The  author  of  the  paper  very  properly  insists  that  these 
courses  should  not  be  given  to  undergraduate  students,  and  he 
would  discourage  undergraduate  specialization,  the  efforts 
of  our  technical  schools  along  this  line  being  commended. 
Such  specialization  places  serious  limitations  upon  the  general 
usefulness  of  the  engineer.  If  the  courses  outlined  by  the 
author  of  the  paper  are  subject  to  any  criticism,  it  may  be 
that  they  fail  to  emphasize  the  economic  and  other  considera- 
tions involved  in  the  proper  location  of  highways.  It  may  be 
assumed  that  the  graduate  engineer  has  acquired  mental  habits 
which  will  induce  him  to  give  due  weight  to  these  considera- 
tions. The  average  engineer,  however,  does  not  appear  to 
appreciate  the  important  relation  existing  between  urban  and 
rural  highways ;  in  fact,  the  American  engineer  has  been  slow 
to  realize  the  inter-dependence  existing  between  a  great  city 
and  the  country  about  or  behind  it,  and  in  no  one  respect  is 
this  inter-dependence  so  great  as  upon  their  highways.  Per- 
haps the  only  real  education  in  this  particular  phase  of  the 
highway  problem  is  to  be  acquired  by  observation  and  careful 
study  of  the  conditions  existing  and  the  results  of  intelligent 
planning  in  other  cities  and  countries.  To  relatively  few, 
however,  do  such  opportunities  come,  and  the  next  best  thing 
is  reading  and  conversation  with  those  who  have  made  a 
special  study  of  this  subject. 

It  is  true  that  the  field  of  the  highway  engineer  is  commonly 
supposed  to  be  restricted  quite  closely  to  problems  of  construc- 
tion and  maintenance  and  the  organization  required  for  this 
work,  and  that  questions  concerning  the  location  of  our  high- 
ways and  other  details  relating  to  a  highway  system  shall  have 
been  determined  long  before  the  time  for  construction  or  re- 
construction in  accordance  with  modern  methods.  Unfor- 
tunately, this  is  not  the  case,  and  this  most  important  phase  of 
the  highway  problem  has  been  greatly  neglected.  Columbia 
University  and  the  incumbent  of  the  new  chair  of  highway 
engineering  are  to  be  congratulated  upon  the  establishment  of 
the  graduate  courses  in  this  subject. 

Professor  Hugh  Miller   (by  letter)  :  Professor  Blanchard 


154  HIGHWAY   ENGINEERING   AT    COLUMBIA. 

has  proposed  a  most  interesting  course  of  instruction  in  high- 
way engineering.  Advanced  work  in  this  branch  of  engineer- 
ing must  necessarily  be  carried  on  along  different  lines  from 
those  that  have  been  applied  to  other  branches.  It  is  essen- 
tial that  the  highway  engineers  of  the  future  obtain  a  more 
thorough  grounding  in  the  underlying  principles  of  their  pro- 
fession, in  order  to  hold  the  confidence  of  the  public.  There 
are  many  practical  men  who  believe  that  they  know  as  much, 
or  more,  about  road  building  than  any  engineer,  and  there  is 
considerable  justification  for  their  belief,  because  many  engi- 
neers who  have  undertaken  this  work  have  not  been  fitted 
either  by  training  or  experience  to  do  so. 

On  the  other  hand,  those  who  have  specialized  in  highway 
engineering  have  usually  only  had  a  course  in  general  civil 
engineering,  in  which  only  a  very  limited  amount  of  time 
can  be  devoted  to  the  studies  which  are  of  first  importance  to 
the  highway  engineer.  A  little  geology  and  mineralogy,  a  few 
tests  of  asphalt,  cement  and  rocks,  and  a  brief  course  in  roads 
and  pavements  is  a  pretty  meager  foundation  for  work  which 
requires  such  an  intimate  knowledge  of  the  many  materials 
used,  and  their  action  under  widely  varying  conditions.  The 
economic  problems  involved  in  highway  work  are  vastly  dif- 
ferent from  those  presented  in  other  branches  of  engineering, 
and  call  for  the  exercise  of  great  judgment.  The  result  has 
been  that  graduates  in  civil  engineering,  who  have  specialized 
in  highway  work  have  soon  reached  a  point  beyond  which 
they  advance  very  slowly,  if  at  all,  and  except  for  a  few  of 
extraordinary  ability,  they  have  become  little  better  than  the 
practical  man  without  engineering  training.  It  is  important, 
however,  that  the  highway  engineer  should  have  a  complete 
course  in  civil  engineering,  for  he  must  thoroughly  under- 
stand the  principles  of  hydraulics,  drainage  and  structures. 

The  arrangement  of  the  time  for  the  courses  at  Columbia, 
(four  vs-inter  months  for  two  years)  is  an  excellent  one,  ena- 
bling those  engaged  in  highway  work  to  avail  themselves  of 
the  privileges  at  a  time  when  they  are  free  to  do  so.     This 
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applies  at  least,  to  those  in  the  North,  from  which  section 
Columbia  would  be  most  likely  to  draw  her  students. 

A  feature  which  might  be  introduced  into  such  a  course, 
w'hich  would  be  very  valuable,  it  seems  to  the  writer,  is  some 
training  of  the  students  in  public  speaking,  so  that  they  could 
present  the  arguments  for  good  roads  and  influence  public 
opinion  in  favor  of  wise  and  economic  road  building.  The 
civil  engineering  students  of  the  department  of  public  roads 
are  obliged  to  make  good  roads  speeches,  and,  it  is  certain 
that  ability  along  this  line  would  be  an  important  addition  to 
the  equipment  of  the  highway  engineer.  This  could  probably 
be  carried  out  in  connection  with  the  seminary  courses,  out- 
lined by  Professor  Blanchard,  and  it  is  possible  that  he  plans 
to  do  so.  Of  course,  ability  to  make  a  good  speech  is  a  great 
asset  to  engineers  in  various  branches  of  the  profession,  but 
it  seems  particularly  important  for  the  highway  engineer  at 
this  time. 

It  is  to  be  hoped  that  all  young  engineers  engaged  in  high- 
way work  will  see  the  important  advantages  to  be  gained  by 
taking  such  a  course  as  is  now  offered  at  Columbia,  and  that 
many  will  avail  themselves  of  the  privileges  there  offered. 

Mr.  Harold  Parker  (by  letter)  :  The  subject  of  graduate 
courses  in  highway  engineering  at  Columbia  as  outlined  by 
Professor  Blanchard  is  of  absorbing  interest  to  those  of  us 
who  have  been  in  a  position  to  need  the  service  of  trained  and 
experienced  men  for  the  construction  and  maintenance  of 
highways,  whether  in  state  or  municipal  service. 

The  situation,  as  it  seems  to  me  at  the  present  time,  is  this : 
that  all  engineers  who  wish  to  become  fitted  for  highway  work 
must,  in  fact,  begin  their  training  at  that  period  when  they 
start  actual  practice  of  that  profession  and  many  years  of 
work  in  the  different  departments  of  highway  practice  must 
be  spent  by  them  before  they  become  fitted  to  take  charge  of 
this  kind  of  work. 

I  have  found  in  my  own  experience,  that  although  I  could 
get  civil  engineers  well  fitted  for  all  the  work  ordinarily  re- 
quired of  a  civil  engineer,  I  could  not  obtain  a  man  fitted  for 
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highway  work  until  years  of  practice  in  the  field  had  rendered 
him  an  efficient  and  useful  administrator.  This  has  been  the 
experience  of  practically  every  commissioner  who  has  had 
charge  of  state  work  and  of  those  who  have  the  street  depart- 
ment in  a  municipality  under  their  charge  as  well. 

It  is  the  practice  to  advance  men  in  state  or  city  depart- 
ments as  they  acquire  knowledge  of  construction,  therefore 
would  it  be  of  the  greatest  practical  value  if  this  necessary 
knowledge  was  taught  collectively  and  efficiently  in  a  course 
of  engineering  education  under  the  tutelage  of  instructors 
fitted  for  such  responsibility. 

Where  the  knowledge  to  which  I  refer  is  acquired  by  prac- 
tice alone,  the  engineer,  however  well  trained  in  ordinary  civil 
engineering,  as  highway  engineer  can  only  acquire  the  knowl- 
edge to  which  I  refer  by  chance  opportunity  or  by  following 
one  line  at  a  time  and  thus  it  may  be  that  many  years  are 
required  to  fit  him  for  general  highway  practice  or,  in  fact,  a 
life  so  spent  may  not  bring  to  him  the  desired  knowledge. 

I  think,  therefore,  that  it  is  desirable  if  not  actually  neces- 
sary that  the  technical  schools  should  establish  departments 
of  highway  engineering  for  a  graduate  course  with  the  special 
purpose  of  instructing  young  men  along  proper  lines  of  high- 
way work,  and  this  should  cover  the  construction  of  all  kinds 
of  roads  and  their  maintenance,  laying  of  pavements,  high- 
way bridges  and  culverts,  treatment  of  drainage,  treatment  of 
surface  after  construction  and  during  construction,  the  char- 
acter and  geological  structure  of  materials  and  understanding 
of  so  much  practical  chemistry  as  will  enable  him  to  under- 
stand laboratory  methods  and  test  their  significance,  survey- 
ing and  training  along  highway  lines  and  administration. 

With  such  training  as  this  implies  and  which  can  only  be 
properly  obtained  by  technical  education  and  with  the  ex- 
perience that  comes  only  with  actual  practice  in  the  field,  an 
intelligent  young  man  may  be  sure  of  as  good  opportunity  for 
steady  employment  as  in  any  other  branch  of  engineering  pro- 
fession. There  appears  to  me  no  doubt  that  the  demand  for 
this  sort  of  man  is  so  rapidly  increasing  that  the  supply  will 
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fall  far  short  of  the  demand.  I  don't  believe  the  United 
States  Department  of  Public  Roads  is  producing  men  for  this 
purpose,  either  sufficient  in  number  or  adequately  trained. 
The  training  in  that  department  tends,  as  it  seems  to  me, 
toward  the  development  of  advocates  for  the  benefits  to  be 
derived,  rather  than  toward  the  development  of  practical  road 
builders. 

Only  one  conclusion  seems  to  be  possible  and  that  is  to 
follow  a  plan  substantially  as  outlined.  By  such  organized 
method  of  preparation  can  we  hope  to  reach  as  high  a  standard 
of  excellence  as  has  been  reached  in  France  in  this  the  present 
model  for  organization  and  economy. 

Mr.  John  R.  Rablin  (by  letter)  :  There  is  no  doubt  that, 
with  the  rapidly  increasing  demand  for  good  roads  through- 
out the  country,  there  is  at  present  and  will  be  in  the  future 
a  great  demand  and  a  wide  field  of  opportunity  for  highway 
engineers.  As  in  all  other  branches  of  engineering,  to  attain 
the  greatest  proficiency,  it  is  necessary  to  specialize  in  this 
branch,  and  the  men  who  do  so  specialize  will  be  the  ones 
most  in  demand  for  highway  work. 

The  opinion  has  been  expressed  by  some  men  prominent  in 
highway  work,  that  in  the  greater  proportion  of  this  class  of 
work,  engineering  services  are  unnecessary.  The  writer  most 
thoroughly  disagrees  with  this  opinion  and  considers  it  as  very 
poor  economy  for  any  highway  work  to  be  undertaken  and 
carried  out  without  the  most  expert  engineering  advice  and 
super^'ision.  Although  it  is  essential  that  a  man  should  have 
knowledge  in  all  branches  of  engineering  for  highway  work, 
it  does  not  seem  absolutely  necessary  that  he  shall  have  taken 
a  degree  in  civil  engineering  before  he  is  qualified  to  take  a 
special  course  in  highway  engineering,  as  appears  to  be  im- 
plied in  the  paper  under  discussion.  If  a  young  man  has  had 
some  engineering  education  and  two  or  three  years'  practical 
experience  in  general  engineering  work,  is  he  not  qualified  to 
undertake  the  special  study  of  highway  work,  with  a  good 
prospect  of  becoming  a  thoroughly  trained  highway  engineer? 

The  proposed  plan  of  a  course  in  highway  engineering,  to 
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be  taken  during  the  winter  months  of  the  first  few  years  of 
practiee,  is,  in  the  opinion  of  the  writer,  most  commendable, 
both  from  the  fact  that  the  men  in  the  lower  grades  of  engi- 
neering service  can  be  conveniently  granted  leave  of  absence 
during  that  period  when  construction  work,  especially  that  on 
highways,  is  generally  suspended,  and  also  that  the  student, 
after  having  some  practical  experience  and  during  practice, 
can  acquire  the  knowledge  to  much  better  advantage. 

Mr.  Philip  P.  Sharpies  (by  letter)  :  Highway  engineering 
in  the  United  States  is  at  present  going  through  the  same 
change  that  civil  engineering  went  through  in  the  latter  part 
of  the  nineteenth  century.  A  period  of  guess  work,  of  sloppy 
work,  of  mle-of-thumb  work  was  supplanted  by  science,  by 
engineering  skill,  and  by  good  workmanship.  The  require- 
ments for  the  new  era  in  civil  engineering  are  well  set  forth 
by  George  S.  Morison,  the  bridge  engineer,  in  his  little  book 
"The  New  Epoch.**  The  words  with  no  change  are  applicable 
to  the  pr-i-n^  req-jdreraent*  in  highway  engineering.  He  says 
in  part: 

''The  dvfl  en..:  V  r  :r  :!i-  z^^  epoeh,  the  epoeli  which  he  is  bringing 
into  existoiee  by  :::  "  r-ower,  most  be  an  educated  man. 
In  no  profearaon  -  -ee^ssaiy.  The  physical  laws  of 
power  and  strengt'::  :  .zt  and  admit  of  no  trifling. 
As  the  epoch  progxr  :  eich  individual  will  become 
more  eomplieated.  T_  rtaphysieian  may  claim 
that  an  edncatioii  -r  leaves  out  the  highfst 
part  of  existence:  -  -  7^7?:  iin  may  claim  that 
matter  oidowed  ^r  -"ii:  the  inanimate 
matter  with  iddei.  r~er  true  these 
daims,  their  laws  .  -_^  "ear  defini- 
tion, and  the  thor  --  ~  ■:  — h:?h  our 
profeaaion  works.  rines 

or  theories  which  li  _.     ..^  ^_:   :^__,;  __  _ .._  iccu- 

late,  definite  lairs  and  guided  by  the  eorrec*  .:  :f  Thysieal  cature, 

the  edncatioE  '"  -'  -  "  ~-   ■-  wiH  become  e.  •  —   ~:t~  thrrrngh, 

and  more  eri  :  any  other  pr  :                               7  .:-   :=  the 

training  win:.:  _':    -r  of  the   :                                             ~"  '  = 

knowledge  he  lausi  be   : 

than  a  professior^'  Vi                7. 

be  a  specialist.    N  -       rz  :     7 <-:^           -_r  -5     7 
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powers  in  nature  are  to  be  directed.  The  work  is  too  great  for  one 
man  to  master.  The  best  results  will  only  be  obtained  by  concentrating 
effort  in  a  single  line.  But  though  the  civil  engineer  must  be  a  special- 
ist, his  specialty  must  not  be  of  a  narrow  kind ;  he  must  have  that  general 
knowledge  and  training  which  makes  the  liberally  educated  man.  In 
every  occupation  a  natural  selection  of  men  takes  place;  some  follow 
the  close  lines  of  the  work  for  which  they  are  trained,  while  to  others 
this  training  is  but  an  incident  in  the  early  part  of  their  careers,  and 
does  little  more  than  point  the  general  direction  of  their  lives.  The 
ability  to  deal  with  men  and  to  direct  the  minds  of  men  is  a  matter  of 
natural  gift  more  than  of  education.  It  is  so  important  that  when 
possessed  in  a  high  degree,  all  other  accomplishments  yield  to  it;  and 
its  possessor,  realizing  that  the  ability  to  use  several  minds  gives  him 
the  same  advantage  among  his  fellows  that  the  control  of  additional 
power  has  given  among  races,  will  use  his  capacity.  But  the  positive 
training  of  an  education  has  its  value  for  men  whose  paths  of  life  may 
lie  far  from  the  special  work  for  which  they  were  trained;  it  will  at 
least  teach  them  the  importance  of  accurate  knowledge.  Too  many  men 
are  contented  to  guess  rather  than  to  know,  relying  on  personal  tact  to 
relieve  themselves  from  difficulties  when  their  guesses  are  wrong." 

The  establishment  of  a  highway  engineering  course  at  Co- 
lumbia University  is  at  this  moment  especially  timely.  En- 
gineers themselves  are  many  of  them  much  confused  at  the 
mass  of  data,  of  new  problems  and  their  solution  that  has  been 
forced  upon  them  by  the  change  from  horse  drawn  to  motor 
vehicles  during  the  past  half  decade.  It  has  led  some  of  them 
to  distrust  themselves.  The  state  engineer  of  New  York,  Mr. 
John  A.  Bensel,  went  so  far  as  to  say  at  the  Rochester,  N.  Y. 
road  convention: 

"It  cannot,  I  think,  be  claimed  that  there  is  as  yet  a  sufficient  amount 
of  data  to  place  roadbuilding  in  a  definite  class  of  engineering.  Some 
engineering  work  has  to  be  done  in  connection  with  the  work,  but  the 
lack  of  definite  data  to  reduce  it  to  a  science  can  be  understood  from 
an  inspection  of  the  work  in  the  various  states,  where  a  larger  variation 
could  probably  not  be  made,  even  if  it  was  desired  to  vary  for  the 
variation  itself. ' ' 

This  congested  state  of  mind  cannot  be  but  a  passing  phase 
and  the  way  is  already  open  for  true  knowledge  and  true 
science  in  road  engineering  problems.  A  more  intimate  co- 
operation of  the  chemist  and  the  engineer  is  called  for  to 
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solve  our  modern  day  problems.  Professor  A.  H.  Blanchard 
has  clearly  seen  the  present  requirements  and  his  list  of 
courses  for  two  years  of  graduate  work  is  admirable  in  every 
respect.  To  Professor  Blanchard,  returning  from  a  year 
spent  in  studying  the  road  situation  in  Europe,  and  already 
conversant  with  the  work  done  in  the  United  States,  the  needs 
of  the  highway  engineer  of  the  new  era  were  very  apparent. 

The  plan  of  presenting  courses  for  the  winter  months  only 
is  new  to  American  colleges  and  is  to  be  particularly  com- 
mended, as  it  is  so  well  adapted  to  the  requirements  and  the 
convenience  of  the  young  road  engineer. 

Two  other  features  which  are  novel  and  should  meet  with 
much  favorable  comment  are  the  seminaries  in  current  high- 
way engineering  literature  and  the  course  in  management 
engineering.  Many  of  the  subjects  of  most  vital  importance 
to  the  highway  engineer  are  so  new  that  current  literature  is 
the  only  literature  available.  Through  consulting  the  proper 
journals  the  young  engineer  will  learn  the  importance  of 
watching  what  his  fellow  engineers  are  doing,  and  will  per- 
haps learn  to  know  what  value  to  put  upon  articles  that  ap- 
pear in  current  literature.  Management  engineering  is  an  all 
important  but  much  neglected  topic.  The  recent  awakening 
under  the  title  of  scientific  management  is  bringing  the  subject 
into  prominence  in  factory  management.  The  field  is  just 
as  broad  and  the  results  are  as  far  reaching  in  road 
engineering. 

It  is  to  be  hoped  that  the  courses  in  road  engineering  at 
Columbia  University  will  meet  with  the  hearty  co-operation 
which  they  merit,  of  all  engineers  and  others  interested  in  the 
problem  of  good  roads.  Those  in  authority  should  take  it 
upon  themselves  to  urge  their  promising  young  men  to  take 
these  courses. 

Professor  Leonard  S.  Smith  (by  letter)  :  Professor 
Blanchard 's  plans  for  a  broad  training  in  highway  engineer- 
ing appeal  to  the  writer  as  being  based  upon  a  sound  con- 
ception of  the  actual  conditions  and  needs  now  confronting 
the  states  east  of  the  Alleghany  mountains.     In  the  older,  and 
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by  far  the  greater,  part  of  the  United  States,  railroad  con- 
struction has  proceeded  far  in  advance  of  highway  construc- 
tion. The  result  has  been  that  in  many  cases  the  cost  of 
transporting  farm  products  from  the  farm  to  the  railroad 
station  exceeds  the  cost  of  rail  transportation  to  the  distant 
consumer.  But,  aside  from  any  money  consideration,  polit- 
ical and  social  needs  of  our  people  fully  justify  extensive 
highway  improvements.  The  records  of  the  past  five  years 
make  certain  that  the  near  future  will  see  the  expenditure  ojE 
vast  sums  of  money  in  road  construction  and  maintenance. 
For  if  even  ten  per  cent,  of  our  2,500,000  miles  of  country 
highways  are  to  be  improved  at  the  modest  cost  of  $4,000  per 
mile,  the  total  cost  of  such  work  reaches  the  enormous  sum 
of  one  billion  dollars.  The  present  improved  method  of  main- 
tenance of  such  a  mileage  would  involve  an  annual  cost 
greatly  in  excess  of  $100,000,000.  The  simple  statement  of 
such  enormous  figures  is  most  significant. 

The  writer  knows  of  no  other  field  of  engineering  endeavor 
so  full  of  promise  to  the  engineer  or  of  such  importance  to  the 
country's  progress.  He  feels  like  congratulating  the  engi- 
neers who  find  it  possible  to  avail  themselves  of  Columbia's 
advanced  courses  in  highway  engineering.  Similar  courses 
are  certain  to  be  duplicated  by  western  universities  as  soon 
as  highway  construction  assumes  the  importance  here  which 
it  now  has  in  the  older  eastern  states.  This  prediction  is 
based  upon  the  really  remarkable  way  in  which  these  pro- 
gressive institutions  have  responded  to  the  needs  of  their 
respective  commonwealths.  Already  the  importance  of  high- 
way construction  has  been  recognized  by  the  leading  western 
universities,  though  not  to  the  extent  of  offering  formal  grad- 
uate courses. 

While  such  courses  may  be  well  designed  to  fit  the  condi- 
tions and  needs  of  the  East,  the  writer  very  much  doubts  if 
such  is  now  true  in  the  Middle  TVest.  For  some  time  at  least, 
western  technical  schools  will  prefer  to  provide  for  courses 
in  roads  and  pavements  as  free  electives  in  the  Junior,  and 
especially  in  the  Senior  years  of  a  civil  engineering  course. 
11 
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Such  courses,  especially  the  more  advanced,  would  also  be 
available  to  the  increasing  number  of  candidates  for  the  mas- 
ter's degree. 

Our  people  have  been  strangely  slow  to  realize  that  even 
a  broken  stone  road  was  an  engineering  structure  which  re- 
quired the  supervision  of  experienced  and  thoroughly  trained 
engineers.  The  inevitable  result  has  been  that  immense  sums 
of  money  have  been  frittered  away  in  poor  design  and  con- 
struction.    The  times  are  ripe  for  a  change. 

The  advent  of  the  automobile  traffic,  while  it  has  length- 
ened the  life  of  hard  city  pavements,  has  been  the  chief  cause 
of  destruction  to  all  forms  of  macadam.  The  seriousness  of 
this  road  problem  is  seen  when  we  reflect  that  the  demands 
made  by  this  new  form  of  motor  traffic  are  certain  to  greatly 
increase  in  the  future.  Highway  engineers  of  every  land  are 
looking  for  an  adequate  remedy,  but  so  far  with  indifferent 
success.  While  constructional  methods  in  nearly  every  other 
line  have  been  satisfactorily  perfected  and  standardized,  we 
find  present  highway  construction  grossly  inadequate  for  even 
today's  traffic. 

Again  the  present  practice  of  unloading  this  burden  upon 
our  children's  children  by  the  subterfuge  of  issuing  thirty  to 
fifty  year  bonds  is  nothing  short  of  cowardly,  if  not  indeed 
dishonest.  We  need,  as  never  before,  the  services  of  highway 
engineers  thoroughly  trained  in  both  theory  and  practice. 
Only  such  can  show  us  the  wisest  way  in  which  to  spend  the 
vast  sums  devoted  to  pavement  and  highway  construction. 

While  progress  has  been  made,  it  seems  to  the  writer  that 
the  most  important  problems  of  road  construction  still  remain 
to  be  solved.  It  has  seemed  to  the  writer  that  real  progress 
would  be  made  by  breaking  away  entirely  from  the  present 
temporary  construction  on  main  trunk  highways,  as  involving 
an  unreasonable  annual  cost.  We  are  now  past  the  stage  where 
we  can  see  but  one  best  way  of  constructing  a  road.  We  rec- 
ognize that  the  selection  of  road  material  and  the  method  of 
incorporation  into  a  road  is  in  large  part  a  local  question,  in 
fact  that  highway  construction  obeys  the  same  rules  as  do 
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all  Other  forms  of  good  engineering.  It  would  seem  certain 
that  the  happy  union  of  theory  with  practice  of  road  con- 
struction provided  in  the  Columbia  graduate  course  will  re- 
sult in  well  trained  and  well  balanced  highway  engineers. 
Such  will  find  a  free  field  with  great  opportunities  for  use- 
fulness. 


REPORT  OF  THE  COMMITTEE  ON  THE  TEACH- 
ING OF  MATHEMATICS  TO  STUDENTS 
OF  ENGINEERING. 

To  the  Society  for  the  Promotion  of  Engineering  Education: 
The  committee  was  appointed  at  a  joint  meeting  of  mathe- 
maticians and  engineers  held  in  Chicago,  December  30-31, 
1907,  under  the  auspices  of  the  Chicago  Section  of  the  Ameri- 
can Mathematical  Society,  and  Sections  A  and  D  of  the 
American  Association  for  the  Advancement  of  Science,*  and 
on  the  suggestion  of  officers  of  the  Society  for  the  Promotion 
of  Engineering  Education  who  were  there  present,  the  com- 
mittee was  instructed  to  report  to  this  Society. 

The  membership  of  the  committee  is  as  follows : 
Alger,   Philip   R.,   professor  of  mathematics,   U.   S.   Navy, 

Annapolis,  Md. 
Campbell,   Donald   F.,   professor   of   mathematics.   Armour 

Institute  of  Technology,  Chicago,  111. 
Engler,  Edmund  A.,  president  of  the  Worcester  Polytechnic 

Institute,  "Worcester,  Mass. 
Haskins,  Charles  N.,  assistant  professor  of  mathematics,  Dart- 
mouth College,  Hanover,  N.  H. 
Howe,  Charles  S.,  president.  Case  School  of  Applied  Science, 

Cleveland,  Ohio. 
KuiCHLiNG,  Emil,  consulting  civil  engineer,  New  York  City. 
Magruder,  WiUiam  T.,  professor  of  mechanical  engineering, 

Ohio  State  University,  Columbus,  Ohio. 
MoDJESKi,  Ralph,  civil  engineer,  Chicago,  111, 
Osgood,  William  F.,  professor  of  mathematics,  Harvard  Uni- 
versity, Cambridge,  Mass. 
Slighter,  Charles  S.,  consulting  engineer  of  the  U.  S.  Recla- 
mation Service,  professor  of  applied  mathematics.  Univer- 
sity of  Wisconsin,  Madison,  Wis. 

*  For  an  account  of  the  Chicago  meeting,  see  Science  for  1908   (July 
12,  24,  and  31;  August  7  and  28;  and  September  4). 
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Steinmetz,  Charles  P.,  consulting  engineer  of  the  General 
Electric    Company,    professor    of    electrical    engineering, 
Union  University,  Schenectady,  N.  Y. 
Swain,   George   F.,   consulting  engineer,   professor   of  civil 

engineering,  Har\-ard  University,  Cambridge,  Mass. 
TowNSEND,  Edgar  J.,  dean  of  the  College  of  Science  and  pro- 
fessor of  mathematics,  University  of  Illinois,  Urbana,  111. 
TuRNEAURE,  Frederick  E.,  dean  of  the  College  of  Mechanics 
and  Engineering,  University  of  "Wisconsin,  Madison,  Wis. 
TValdo.  Clarence  A.,  head  professor  of  mathematics,  "Washing- 
ton University,  St.  Louis,  Mo. 
"Williams,  Gardner  S.,  consulting  engineer,  professor  of  civil, 
hydraulic  and  sanitary  engineering,  University  of  Michigan, 
Ann  Arbor,  ^lich. 
"Woodward,  Calvin  M.,  dean  of  the  School  of  Engineering  and 
Architecture  and  professor  of  mathematics  and   applied 
mechanics,  "Washington  University,  St.  Louis,  Mo. 
"Woodward,  Robert  S.,  president  of  the  Carnegie  Institution  of 

"Washington,  "Washington,  D.  C. 
ZiwET,  Alexander,  professor  of  mathematics,  University  of 

Michigan,  Ann  Arbor,  Mich. 
Huntington,  Edward  Y.,  chairman,  assistant  professor  of 
mathematics,  Harvard  University,  Cambridge,  Mass. 
After  deliberation,  the  committee  decided  that  it  could  best 
carry  out  the  purpose  for  which  it  was  appointed  by  preparing 
a  synopsis  of  those  fundamental  principles  and  methods  of 
mathematics  which,  in  the  opinion  of  the  committee,  should 
constitute  the  minimum  mathematical  equipment  of  the  stu- 
dent of  engineering,  and  the  chairman  was  instructed  to  sub- 
mit for  discussion  a  preliminary  draft  of  such  a  synopsis.  In 
order  to  secure  as  wide  a  discussion  as  possible,  the  committee 
voted  to  accept  the  invitation  of  the  Society  for  the  Promotion 
of  Engineering  Education  to  publish  this  preliminary  draft  in 
the  Bulletin  in  advance  of  its  presentation  to  the  Society, 
and  to  solicit  criticisms  and  suggestions  from  all  members  of 
the  Society,  whether  members  of  the  committee  or  not. 
It  should  be  distinctly  understood  that  this  advance  publica- 
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tion  is  merely  a  tentative  draft,  prepared  by  the  chairman,  and 
still  under  discussion  by  the  members  of  the  committee:  the 
committee  as  a  whole  is  not  to  he  held  responsible  for  any  part 
of  the  synopsis  in  its  present  form. 

The  synopsis,  as  now  planned,  will  consist  of  six  parts: 

1.  A  Syllabus  of  Elementary  Algebra; 

2.  A  Syllabus  of  Plane  Trigonometry ; 

3.  A  Syllabus  of  Differential  and  Integral  Calculus ; 

4.  Numerical  Computation  and  the  Solution  of  Equations ; 

5.  Geometry  (Elementary  and  Analytical)  ; 

6.  A  Syllabus  of  Elementary  Dynamics : 

preceded  by  the  following  introductory  note,  explaining  its 
scope  and  purpose : 

"It  is  hoped  that  this  report:  may  be  serviceable  in  two  ways : 
first,  to  the  teacher,  as  an  indication  of  where  the  emphasis 
should  be  laid ;  and  secondly,  to  the  student,  as  a  syllabus  of 
facts  and  methods  which  are  to  be  his  working  tools.  It  does 
not  include  data  for  which  the  student  would  property  refer 
to  an  engineers'  hand-book;  it  includes  rather  just  those 
things  for  which  he  ought  never  to  be  obliged  to  refer  to  any 
book — the  things  which  he  should  have  constantly  at  his 
fingers'  ends. 

"The  teacher  of  mathematics  should  see  to  it  that  at  least 
these  facts  are  perfectly  familiar  to  all  his  students,  so  that 
the  professor  of  engineering  may  presuppose,  with  confidence, 
at  least  this  much  mathematical  knowledge  on  the  part  of  his 
students.  On  the  other  hand,  if  the  professor  of  engineering 
needs  to  use,  at  any  point,  more  advanced  mathematical  meth- 
ods than  those  here  mentioned,  he  should  be  careful  to  explain 
them  to  his  class. 

"The  committee  has  not  found  it  possible  to  propose  a  de- 
tailed course  of  study.  The  order  in  which  these  topics 
should  be  taken  up  must  be  left  largely  to  the  discretion  of 
the  individual  teacher.  The  committee  is  firmly  of  the 
opinion,  however,  that  whatever  order  is  adopted,  the  principal 
part  of  the  course  should  be  prohUms  worked  by  the  students, 
and  that  all  these  problems  should  be  solved  on  the  basis  of  a 
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small  number  of  fundatnental  principles  and  methods,  such 
as  are  here  suggested. 

' '  The  defects  in  the  mathematical  training  of  the  student  of 
engineering  appear  to  be  largely  in  knowledge  and  grasp  of 
fundamental  principles,  and  the  constant  effort  of  the  teacher 
should  be  to  ground  the  student  thoroughly  in  these  funda- 
mentals, which  are  too  often  lost  sight  of  in  a  mass  of  details. 

"A  pressing  need  at  the  present  time  is  a  series  of  synoptical 
text-books,  which  shall  present,  (1)  the  fundamental  prin- 
ciples of  the  science  in  compact  form,  and  (2)  a  classified  and 
graded  collection  of  problems  (which  would  naturally  be  sub- 
ject to  continual  change  and  expansion) .  It  is  the  hope  of  the 
committee  that  this  report,  which  is  confined  to  the  first  part  of 
the  desired  text-book,  will  stimulate  throughout  the  country 
practical  contributions  toward  the  second. ' ' 

In  the  early  part  of  its  investigation  the  committee  collected 
a  large  amount  of  information  in  regard  to  the  present  status 
of  mathematical  instruction  for  engineering  students.  Since 
that  time,  however,  a  much  more  inclusive  inquiry  has  been 
undertaken  by  the  International  Commission  on  the  Teaching 
of  ^Mathematics,  of  which  the  American  Commissioners  are 
Professors  D.  E.  Smith,  J.  W.  A.  Young  and  W.  F.  Osgood. 
In  order  to  avoid  unnecessary  duplication,  this  committee 
voted  to  turn  over  all  the  results  of  its  o^vn  inquiry  in  this  field 
to  the  larger  commission,  to  be  worked  up  in  accordance  with 
the  general  scheme  adopted  by  that  commission,  and  to  be 
incorporated  in  their  report.  This  material  is  therefore  not 
included  in  the  present  report. 

Respectfully  submitted, 

Edward  V.  Huntington, 
Chairman. 

June,  1911. 


A  SYLLABUS  OF  THE  FORMAL  PART  OF 
ELEMENTARY  ALGEBRA. 

This  syllabus  is  intended  to  include  those  facts  and  methods  of  ele- 
mentary algebra  which  a  student  who  has  completed  a  course  in  that 
subject  should  be  expected  to  "know  by  heart" — that  is,  those  funda- 
mental principles  which  he  ought  to  hare  made  so  completely  a  perma- 
nent part  of  his  mental  equipment  that  he  will  never  need  to  ' '  look  them 
up  in  a  book." 

It  is  not  intended  as  a  program  of  study  for  beginners,  and  no  at- 
tempt has  been  made  to  arrange  the  topics  in  the  order  in  which  they 
should  be  taught.  In  reviewing  the  subject,  however,  either  at  the  end 
of  the  course  in  algebra,  or  at  the  beginning  of  any  later  course,  such  a 
syllabus  will  be  found  serviceable  to  both  teacher  and  student;  and  in 
the  hands  of  a  skillful  teacher,  and  supplemented  by  an  adequate  collec- 
tion of  problems,  it  might  well  be  made  the  basis  of  a  course  of  study 
conducted  by  the  "syllabus  method." 

One  of  the  chief  defects  in  the  present-day  teaching  of  algebra  is  the 
multiplicity  of  detached  rules  with  which  the  student 's  mind  is  burdened;* 
and  every  successful  attempt  to  knit  together  a  number  of  these  detached 
rules  into  a  single  general  principle  (provided  this  principle  is  simple 
and  easily  applied)  should  conduce  to  economy  of  mental  effort,  and  di- 
minish the  liability  to  error. 

Table  of  Contents. 

CHAPTEB  I.      TKJLN'SFOKMATIOX  of   ALGEBBAIC   EXPBIESSIONS. 

General  laws  of  addition  and  multiplication. 
Tj-pe-forms  of  multiplication  (Factoring). 
Fractions. 
Negatives. 

Eadicals  and  Imaginaries. 
Exponents  and  Logarithms. 
Chaptes  II.    Solution  of  Equations. 

Legitimate  operations  on  equations. 
To  solve  a  single  equation. 

Quadratic  equations. 

Exponential  equations. 
To  solve  a  set  of  simultaneous  equations. 

*  For  example,  in  a  recent  prominent  text-book  there  are  no  less  than 
■fifty  italicized  rules  in  the  part  of  the  book  preceding  quadratic 
equations  I 
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ChAPTEB  III.      MiSCELLAKEOUS   TOPICS. 

Ratio  and  proportion. 

Variation. 

Inequalities. 

Arithmetical,  geometric,  and  harmonic  progressions. 


CHAPTER  I. 
Transformation'  of  Algebraic  Expressions. 

1.  The  ordinarv  operations  of  transforming  and  simplifr- 
ing  algebraic  expressions  should  be  so  familiar  to  the  student 
that  he  performs  them  almost  instinetivelv ;  at  the  same  time 
he  should  be  able,  whenever  called  upon,  to  justify  each  step  of 
his  work  by  reference  to  some  one  or  more  of  a  small  number 
of  well  established  principles. 

For  example,  if  the  student  is  asked  by  what  auihoriiy  he  replaces 

———  bT   Y-  or  Vc*^f~P  bv  a  -|-  6  (to  mention  only  two  of  the  common- 
b-\-  z      '     0 

est  blunders),  he  will  be  forced  to  recognize  either  that  he  is  making  use 

of  methods  that  he  has  never  proved,  and  that   are  in  fact  erroneous, 

or  else  (which  is  more  likely)  that  he  is  working  altogether  in  the  dark, 

without  any  conscious  reason  for  the  steps  he  has  taken. 

The  following  list  of  such  principles,  while  making  no  pre- 
tense at  logical  completeness,  will  be  suflScient  for  all  practical 
purposes. 

2.  General  laws  of  addition  and  multiplication. 

a-|-Z>  =  &  — a.  db^ha.  (Commutative  laws.) 

(0  +  6) -hc  =  a-f  (&-f  c).  (a&)c  =  a(6c). 

(Associative  laws.) 

a(6  -f  c)  =  ai  -f  ac.  (Distributive  law.) 

a  +  0  =  a.  aXl  =  a.  aXO  =  0. 

These  laws  hold  when  a.  h.  c  are  any  of  the  quantities  that  occur  in 
ordinary  algebra,  whether  "real"  or  "complex."*  The  student  should 
be  constantJy  encouraged  to  te^t  general  algebraic  statements  by  substi- 
tuting concrete  numerical  values. 

3.  Type-forms  of  multiplication  (Factoring). 

The  following  typie-forms  of  multiplication  are  the  ones  that  are  most 
important  to  remember: 

•  This  syllabus  is  confined  chiefly  to  the  algebra  of  real  quantities;  the 
algebra  of  complex  quantities  will  be  treated  only  incidentally. 
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a'  —  h'=(a  —  h)(a-  +  ab-{-h^), 
and  so  on;  the  general  case  is  best  remembered  in  the  form 

1  —  x"=  {1  —  x)  (1  -{-  X  +  x^  -{-  x'  -{ f-a;"-'). 

Note  also  that  in  the  algebra  of  real  quantities,  a"  +  &"  is 
divisible  hy  a-\-b  when  and  only  when  n  is  odd.     Thus : 

Further:  (x  + a)  (x-\-h)  =x- -\- ia-\-h)x +  ah, 

and  the  ''binomial  theorem": 

(a  +  &)2  =  a=  +  2ab  +  h',  (a  +  6)^  =  a^  +  3a'b  +  Sab'  +  b\ 
(a  —  b)-  =  a-  —  2ab-{-b-,  {a  —  b)^  =  a''  —  Sa'b-\-Sab-  —  b'; 
(a  +  &)"  = 

where  A;!  =  "fc  factoriar'  =  l  X  2  X  3  X  •••  X  A;. 
4.  Fractions. 

Def.  If  bx  =  a,  then  and  only  then  we  write  x  ^  r  (or  a/6, 
or  a-^b). 

Here  a  is  called  the  numerator  and  &  the  denominator  of  the  fraction. 
A  fraction  with  a  zero  denominator,  as  a/0,  does  not  represent  any 
definite  quantitr.  Eor,  if  a  is  not  zero,  there  is  no  quantity  x  such  that 
0  X  x  =  a;  and  if  a  =  0,  then  every  quantity  x  will  have  this  property. 
Heoee,  the  denominator  of  a  fraction  must  always  be  different  from  zero. 

From  the  definition,  a/1  =  a ;  also 
n       ,       0 

•The  symbol  +  means  "not  equal  to." 
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To  add  two  fractions  vrith  common  denominator: 

a       b      a  -\-  h 
c       c~      c 
To  multiply  two  fractions : 

a      X      az 
b      y~  by' 
To  divide  bv  a  fraction,  "invert  the  divisor  and  multiply" : 
a      X      a      y      ay 
b  '  y      b      x~  bx' 

The  vdlus  of  a  fraction  is  not  changed  if  we  multiply  (or 
divide)  both  the  numerator  and  the  denominator  by  any 
quantity  not  zero: 

s=Si  ("•  +  ")• 

This  is  the  most  important  principle  concerning  fractions. 

For  example,  to  redvce  tvo  fraction*  to  a  common  denomiriotor,  we 
Lave  Eierdj  to  mnltiplj  numerator  and  denommator  of  each  fraction  bj 
3.  m:3.:.e  factor. 

A  rill  ::  r.mptify  a  complex  fraction,  we  mnltiplT  tbe  whole  numera- 
:::  ill  :it  -i:.?  denominator  by  any  quantity  which  will  "absorb"  all 
:ii  s^'ii.-L^z-r  iriominators.     Thus,  by  multiplying  by  xys,  we  have 

z    '    y       ayz  —  bxs 
c  —  d        (f  —  cf;7y ' 

at  osee,  by  a  gir.gle  me.Btal  process.  (The  common  practice  of  reducing 
the  iiniDerator  and  deBomhiator  separately,  and  then  invertiiig  tke  denom- 
ixa*or  and  multiplying,  is  tedions  and  clmnsy.) 

Def.  If  Z)x  =  1,  then  x  =  1/b,  which  is  called  the  reciprocal 
of  6.  To  divide  by  6  (6  4*  0)  is  the  same  as  to  multiply  by  the 
reciprocal  of  b. 

5.  Negatives. 

Def.  li  a-7- j  =  0,  then  and  only  then  we  write  x  =  — a. 
In  particular,  —  ( — a)  =a. 

K  a  is  not  zero,  —  a  is  always  opposite  to  a ;  that  is,  if  a  is 
positive,  —  a  is  negative,  and  if  a  is  n^ative,  —  a  is  positive. 
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Thus,  if  o  =  —  3,  which  is  a  negative  quantity,  then  —  o  =  3,  which 
is  positive. 

The  notation  \a\,  which  is  coming  into  use  more  and  more 
widely,  means  the  absolute  value  of  a,  that  is,  the  numerical 
value  of  a  regardless  of  sign ;  thus,  |  5  |  =  5,  |  —  5  |  =  5. 

The  laws  of  operation  with  the  minus  sign  are  best  remem- 
bered by  regarding  —  a  as  the  product  of  a  and  — 1 : 

(—1)  Xa  =  —  a, 

whence,  in  particular  (putting  a  =  —  1), 

(-1)X(-1)=1. 

When  this  is  done,  the  customary  formulas: 
{—a){—b)=ab,     (— a)(6)=  — a6,     —  = --^  =  — -,     :^  =  j, 

become  immediate  consequences  of  the  general  laws  of  multiplication 
and  division,  and  therefore  need  not  be  separately  memorized;  and  the 
same  is  true  of  the  formula 

a—  (x  -\-y  —  z)  =a  —  x  —  y  +  z, 

which,  when  remembered  in  the  following  form,  becomes  an  immediate 
application  of  the  distributive  law:  "a  minus  sign  in  front  of  a  paren- 
thesis must  be  '  distributed '  through  every  term  within,  if  the  parenthe- 
ses are  to  be  taken  away. ' ' 

By  knitting  together  in  this  way  the  rules  for  negatives  with  the 
general  rules  of  operation,  the  total  number  of  processes  to  be  remem- 
bered and  applied,  and  hence  the  liability  to  error,  is  materially  reduced. 

Def .  It  a-\-  x  =  'b,  then  and  only  then  we  write  x  =  h  —  a. 
It  is  easily  shown  that  h  —  a  =  6  -j-  ( —  a)  ;  that  is,  subtracting 
any  quantity  a  is  the  same  as  adding  the  opposite  of  a. 

6.  Radicals. 

Def.  If  a  is  positive,  and  n  is  any  positive  integer,  there 
will  always  be  one  positive  value  of  x  such  that  x'*  =  a.  This 
value  X  is  denoted  by  ^ja,  and  is  called  the  (principal)  nth 
root  of  a. 

It  should  be  noticed  that  while  there  are  (for  example)  two  square 
roots  of  9,  namely  3  and  —  3,  it  is  only  the  positive  one  of  these  two 
values  that  ia  denoted  by  V^;  that  is,  the  mark  V9  means  3  and  not  —  3. 
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The  radical  sign,  except  in  the  case  of  square  roots,  and 
sometimes  in  the  case  of  cube  roots,  should  always  be  replaced 
by  fractional  exponents  (see  below)  when  it  is  desired  to  com- 
pute with  these  quantities;  this  done,  no  special  rules  for  the 
manipulation  of  radicals  need  then  be  remembered  beyond  the 
general  laws  of  exponents. 

Square  roots.     If  a  and  &  are  positive, 

■\/a'^b  =  a\/b,    and     \/a\/h  =  \^ab. 

Note  also  the  process  called  "rationalizing  the  denominator 
(or  numerator)  of  a  fraction";  for  example, 

c  c  Va  —  a/6      e(Va  —  "S^) 

Va  +  V6       Va  +  Af6       Va  —  •V6  a  —  b       ' 


\'l  —  a;       Vl  —  a;       Vl  —  x         1  —  a; 
X 


Vl  +  X       Vl  +  a;       Vl  —  a;       Vl  —  a;^ 

Def.  If  a  is  negative,  and  n  is  odd,  there  will  always  be  one 
negative  value  of  x  such  that  x"  ^  a ;  this  value  is  denoted  by 

-y/a,  and  is  called  the  (principal)  7ith  root  of  a. 

Thus  |/'^T=  — 2, 

7.  Imaginaries. 

If  a  is  negative,  and  n  is  even,  then  there  is  no  positive  or  negative 
nth  root  of  a.  Hence,  such  quantities  do  not  occur  in  the  algebra  of 
positive  and  negative  quantities.  They  occur  only  in  the  more  general 
algebra  of  complex  quantities;  in  this  algebra  every  quantity  a  (except 
zero)  has  n  distinct  nth  roots,  the  notation  \'a  being  applied,  as  occasion 
requires,  to  any  one  of  these  n  values.  The  detailed  study  of  this  general 
algebra  is  probably  too  difficult  for  a  first  course;  for  such  applications 
as  occur  in  elementary  work,  the  following  working  rules  are  sufficient : 

1)  In  manipulating  a  complex  quantity  of  the  form  V — b, 

where  &  is  positive,  write  V — b  =  V — 1  \/b  =  iyjb,  and  treat 
i  like  any  other  letter ;  then  simplify  the  result  by  the  relation 
i^  =  —l. 

2)  Every  complex  quantity  can  be  written  in  the  form 
a-\-ib,  where  a  and  b  are  "real"  (that  is,  positive,  negative, 
or  zero)  ;  and  if  a -\- ib  =  a'  -\- ib' ,  then  a=^a'  and  b^b'. 
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In  electrical  engineering  the  letter  i  is  used  to  denote  current,  and 
V —  1  is  denoted  by  j. 

8.  Exponents. 

The  subject  of  negative  and  fractional  exponents  is  a  part  of  algebra 
in  which  the  preparation  of  the  student  is  apt  to  be  especially  unsatis- 
factory. 

Definition  of  negative  and  fractional  exponents.  If  o  is  positive,  and 
p  and  q  are  any  positive  integers,  then 

a°  — 1,         a--P=—,         a^i^=\/a,         a?'*  =  v/a>. 

9.  Laws  of  operation  with  exponents. 
If  a  and  6  are  positive,  then : 

a"**"  =  a"*a",     0""*=  (a"*)",     (a6)"'  =  a"*&'", 

All  these  laws  hold  for  any  values  of  m  and  n;  the  three  fundamental 
ones  can  readily  be  recalled  to  mind  through  simple  special  cases,  such  as 
a*a^,  (a»)»,  and  (a6)». 

The  three  other  laws  commonly  mentioned,  namely 

am-n=za"*/an,    a'»/»»=  'iy/a»»,     (a/6)»»»  =  o"»/&»», 

are  immediate  corollaries  of  those  just  mentioned. 

If  a  is  negative,  and  m  not  an  integer,  a"*  will,  in  general,  be  a  complex 
quantity.  In  such  cases,  let  a'  =  —  a,  so  that  o'  is  positive,  and  write 
a^=  ( — l)*'»a''",  where  ( — !)"»  must  then  be  handled  according  to  the 
rules  of  operation  in  the  algebra  of  complex  quantities. 

10.  Logarithms. 

The  subject  of  logarithms  should  be  taught  in  logical  connection 
with  the  subject  of  exponents.  The  common  practice  of  separating  these 
subjects,  and  treating  logarithms  as  a  part  of  trigonometry,  is  unfortu- 
nate. Numerous  applications  of  logarithms  can  be  found  that  have 
nothing  to  do  with  trigonometry;  moreover,  the  training  in  the  use  of 
logarithms  which  a  student  gets  in  trigonometry  is  usually  quite  inade- 
quate as  a  preparation  for  the  applications  of  logarithms  in  any  of  his 
later  work  outside  of  surveying. 

Def.  The  logarithm  of  a  (positive)  number,  to  any  (posi- 
tive) base,  is  the  exponent  of  the  power  to  which  the  base  must 
be  raised  to  produce  that  number. 
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TliTis,  the  notation 

X  =  log>V 
means 

t-  =  -V. 

Note  timt   -era::-?    -.nc-er;   ii:   gtrera!   have   ro   logarithT?   in   the 
alg^bia  of  real  cu3.i:::iT=. 

From  the  laws  of  exporfi.:s  -z  iiave.  whatfiver  the  base 
mav  be : 

log  (ad)  =  log  a-plog  I,    leg  |^|   =log  a  —  log  b, 

.     .  ,  ,      .-       1, 

log  ^a"^ ,  =n  xCg  a.  loj  ^  <3  =  -lo^a. 

log  1  =  0.     log  'ha.?e)  =1. 

Onlv   two   bases    are    in   common   us-e.     For    parpos-es    of 
nnmerieal  computation,  the  base  chosen  is  10,  and  in  this 

system  log    10"-]  ^n. 

(See  chapter  on  nnmerieal  comr  .::;:: :n.;  In  higher  mathe- 
matics, the  base  6  =  2.718  •  •  •  is  MSii.  for  th-?  rrisin  that  the 
use  of  this  base  simpliiies  certain  firniilas  in  :'::•:  oalenltis;  in 
this  system  log   [e"-,  =  n. 

both  sides  of  this  eqiiation  t:     ^-o  1".  a:ii  s  .v^  :;r  x. 

Tlie  resnltiiig  foramla.  -cg-^' ^    '.:^.2'       .r.r      i;  =:  n^'.j  r'—iirei 
in  tins  way  tiiat  it  is  no:  worrh  ~:^i:  ::   :i~r~'z-i7  i:  =r-2.ri:r.j.     The 


CHAPTER   II. 

Solution  of  Equations. 

11.  Legitimate  operations  on  equations.  If  a  given  equa- 
tion is  true,  it  will  still  be  true  if  we 

(a)  add  any  quantity  we  please  to  both  sides; 

(6)  subtract  any  quantity  we  please  from  both  sides; 

(c)  multiply  both  sides  by  any  quantity  we  please; 

(d)  divide  both  sides  by  any  quantity  we  please  except  zero; 

(e)  raise  both  sides  to  any  positive  integral  power; 

(/)  *extract  any  positive  integral  root  of  both  sides,  except 
that  if  an  even  root  is  extracted,  the  double  sign  it  must  be 
used; 

(g)  *take  the  logarithm  of  both  sides  (provided  both  sides 
are  positive). 

In  regard  to  (d),  we  must  never  divide  both  sides  by  an  unknown 
quantity  without  first  excluding  the  possibility  that  that  quantity  is  zero. 

In  (/),  the  restriction  stated  means,  for  example,  that  from  A'  =  B 
we  can  infer  merely  that  A  =  ±  VB;  that  is,  that  either  A  =  VB,  or 
A  =  —  VB;  but  we  cannot  tell  which, 

12.  To  solve  a  single  equation  in  x,  means  to  find  all  the 
values  of  x  that  satisfy  the  equation,  or  to  show  that  none 
such  exist. 

Any  value  of  x  that  satisfies  the  equation  is  called  a  root  of 
the  equation. 

In  testing  a  root,  the  only  safe  method  is  to  substitute  the  given 
value  in  each  side  of  the  equation  separately,  and  see  whether  the  re- 
sults, when  reduced,  are  equal.  Thus,  we  should  find  that  x^  —  2  is  a 
root  of  the  equation  x  =  2  —  V  l2'^^^2x,  and  that  x  =  4  is  not  a  root. 

In  this  connection  it  should  be  noticed  that  if  we  square  both  sides 
of  a  given  equation,  the  new  equation  will,  in  general,  have  more  roots 
than  the  given  equation.  Thus  (to  use  the  same  example),  by  squaring 
X  —  2^ — V12  — 2F~we  have  x* — 2x  —  8  =  0,  This  equation  has  of 
course  the  root  —  2,  since  a:  =  —  2  satisfies  the  original  equation  from 

•In  the  algebra  of  complex  quantities  (/)  and  (g)  are  not  applicable. 
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which  this  was  derived;  but  it  has  also  the  root  4,  which  was  not  a  root 
of  the  original  equation. 

The  formal  process  usually  called  ''solving  the  equation" 
means  merely  transforming  the  equation,  by  a  judicious  choice 
of  the  legitimate  operations,  into  a  form  in  which  the  solutions 
are  obvious. 

If  this  is  not  possible,  we  must  have  recourse  to  the  method 
of  trial  and  error  which,  while  often  laborious,  is  always 
applicable  in  numerical  cases.  (See  chapter  on  numerical 
computation. ) 

If  an  equation  is  given  in  the  factored  form: 

(^jc—a)(x-p)(x  —  y)  ...=0, 

then  the  roots  are  obviously  x^a,  x  =  3.  x  =  y.  ■  ■  ■  .     Thus,  the  roots 
of  jr(x  +  2)  =  0  are  0  and  —  2. 

13.  Quadratic  equations.    To  solve  the  quadratic  equation 

ax-  -{-})x-\-  c  =  0, 

we  may  divide  through  by  a: 

,       b  c 

a  a 

and  then  "complete  the  square": 

b'  —  4ac 


,      b         /  b  \-        6'       c 
x-  +  -X  -\-  [  jT-  I  =-r-o  —  = 


4a* 
whence, 


—  b  dz  yb'  —  4ac 
^^  2a  ' 

or,  we  may  use  the  general  result  just  obtained  as  a  formula. 

The  quantity  which  must  be  added  to  both  sides  in  "completing  the 
square"  is  obvious  by  analogy  with  r*  +  2mj  +  m',  so  that  this  method 
requires  less  effort  of  the  memory  than  the  method  of  solution  by  formula. 

The  "method  of  factoring"  is  very  convenient  in  certain  special  cases, 
when  the  factors  can  be  obtained  by  inspection. 

The  method  still  sometimes  used,  of  first  multiplying  through  by  4a  to 
avoid  fractions,  is  apt  to  lead  to  confusion,  and  should  be  discouraged. 

From  the  formula  it  is  evident  that  the  sum  of  the  roots  is 
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x^-\-X2  =  — h/a,  and  the  product  of  the  roots  is  x^X2  =  c/a; 
also,  if  the  coefficients,  a,  h,  c,  are  real,  the  roots  will  be  real- 
and-distinct,  real-and-coincident,  or  imaginary,  according  as 
h-  —  4flc  is  positive,  zero,  or  negative. 

14.  Exponential  equations.  To  solve  an  equation  of  the 
form  a-^^h,  when  a  and  h  are  positive,  take  the  logarithm  of 
both  sides:  x  log  a=log  h;  and  then  solve  for  x. 

15.  To  solve  a  set  of  simultaneous  equation  in  x,  y,  z  ■  •  • 
means  to  find  all  the  sets  of  values  of  x,  y,  z,  •  ••,  that  satisfy 
all  the  equations  at  once,  or  show  that  none  such  exist. 

Two  simultaneous  equations  of  the  first  degree,  as  ax  -\-  by  =  c  and 
Ax  +  By  =  C,  can  always  be  solved  in  a  couple  of  lines,  if  the  work  is 
arranged  as  follows: 

7x—    6j/  =  l  |-5|  —  2 

14x  — 10t/  =  3  I       3  I       1 


(— 35-f-42)x  =  — 5  +  9 
(12-10)y  =  -2  +  3 

whence  the  values  of  x  and  y  are  obvious,  provided  aB  —  bA  is  not  zero. 
(If  aB  —  bAz=  0,  there  is  either  no  pair  of  values  x,  y  that  satisfies  both 
the  equations,  or  else  there  are  an  infinite  number  of  pairs  of  values  that 
do  so ;  in  this  latter  case,  the  equations  are  not  independent,  that  is,  either 
of  them  can  be  derived  from  the  other.) 

The  theory  of  simultaneous  equations,  and  sometimes  the  numerical 
computation,  is  facilitated  by  the  use  of  determinants. 

In  general,  n  independent  equations  will  suffice  to  deter- 
mine n  unknown  quantities. 


CHAPTER  III. 

^IiscF-TJiANxors  Topics. 

16.  Ratio  and  Proportion.  The  "ratio  of  a  to  i"  means 
simply  the  fraction  a,  b;  and  a  ''proportion"  is  simplv  an 
equation  between  two  ratios. 

The  notation  a'.b'.'.c'.d  should  be  replaced  by  the  equation  a/iz=c/d; 
and  all  special  terminology,  such  as  "taking  a  proportion  by  alterna- 
tion," "by  composition,"  etc.,  should  be  dropped  in  favor  of  the 
ordinary  language  of  the  equation. 

17.  Variation.  The  statement ''?/ varies  as  jt,"  or ''i/ varies 
directly  as  x,"  or  "y  is  proportional  to  x,"  means  y  =  Tix, 
where  A-  is  some  constant.  Similarly,  "?/  varies  inversely  as 
X,"  means  y  =  k/x;  "y  varies  inversely  as  the  square  of  x," 
means  y  =  k/x-.  The  constant  k  can  always  be  determined  if 
we  know  any  pair  of  values  of  x  and  y  that  belong  together. 

The  statement  "y  varies  as  u  and  v,"  means  y  varies  as  the  product  of 
u  and  V.  that  is.  y==ATic. 

18.  Inequalities.  The  notions  of  ' '  greater  and  less ' '  are  thoroughly 
familiar  when  we  are  dealing  only  with  positive  quantities,  but  the  ex- 
tension of  these  terms  to  the  algebra  of  all  real  quantities  (positive, 
negative,  and  zero)  is  apt  to  cause  some  confusion. 

(a)  All  real  quantities  (positive,  negative,  and  zero)  may 
be  represented  by  the  points  of  a  directed  line  (running,  say, 
from  left  to  right)  : 

0 0 0 0 0 0 0 > 

—  3    —2   —1         0    —1    —2    —3 

and  the  notation  a<&  (read:  "a  algebraically  less  than  &") 
means  simply  that  a  precedes  I,  or  a  lies  on  the  left  of  h,  along 
this  line. 

Similarly,  a  >  6  (read:  "a  algebraically  greater  than  6")  means  that 
a  comes  after  i,  or  lies  on  the  right  of  6,  along  the  line.  (The  idea  that 
a  negative  quantity  is  a  magnitude  whose  size  is  in  some  way  "less  than 
nothing"  should  be  carefully  avoided.) 
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Obviously,  if  a  and  h  are  any  real  quantities,  one  and  only 
one  of  the  three  relations:  a  =  b,  a<h,  and  a>h,  ^^•ill  hold 
between  them ;  further,  if  a  <  6  and  b  <  c,  then  a  <  c. 

(b)  Complex  quantities  require  for  their  representation  the  points  of 
a  plane  instead  of  the  points  of  a  line,  and  the  symbols  <  and  >  are  not 
used  in  connection  with  these  quantities. 

Legitimate  operations  on  inequalities.  If  a  given  inequality 
is  true,  it  will  still  be  true  if  we 

(o)  add  any  quantity  we  please  to  both  sides; 

(6)  subtract  any  quantity  we  please  from  both  sides; 

(c)  multiply  both  sides  by  any  positive  quantity; 

(d)  divide  both  sides  by  any  positive  quantity; 

(e)  raise  both  sides  to  any  positive  power  (integral  or 
fractional),  provided  both  sides  are  positive. 

(/)  take  the  logarithm  of  both  sides,  provided  both  sides 
are  positive. 

If  we  multiply  or  divide  both  sides  by  any  negative  number, 
we  must  reverse  the  sense  of  the  inequality. 

The  neglect  of  the  rules  for  handling  inequalities  is  the  source  of  many 

common  errors. 

19.  Arithmetical  Progression, 
In  an  arithmetical  progression : 

a,     a^d,     a  +  2d,     a  +  Sd,     •-., 

each  term  is  obtained  from  the  preceding  by  adding  a  con- 
stant quantity. 

The  nth  term  is  ob\-iously  l  =  a-{-  (n  —  l)d. 

The  sum  of  n  terms  is  5=  — ^—  n. 

This  formula  is  most  easily  remembered  in  the  form: 

5=  (average  of  the  first  and  last  terms)  X  (number  of  terms). 
The  arithmetic  mean  between  a  and  b  is  A^l(a-}-b). 

20.  Geometric  Progression. 
In  a  geometric  progression : 

a,     ar,     ar-,     ar\     •••. 
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each  term  is  obtained  from  the  preceding  by  multiplying  bv  a 
constant  quantity. 

The  nth  term  is  obviously  ?  =  ar'^"-. 

a ''  1  —  ;•'"' 
The  sum  of  n  terms  is  >'  = 


1  — r 

TMs   formula    is   best   remembered  in   comiection   with   the    rule   for 
f  acrorirg : 

1— r«=(l—  r)(l^r-r2-r»^ ^  r— i). 

The  geometric  mean  between  a  and  h  is  G^^\fab. 
The  geometric  mean  is  also  called  the  mean  proportional. 

Infinite  geometric  progression.     If  '  r    <  1.  the  sum  of  n 
terms  approaches  the  limit 

a 


1  — 


as  n  increases  indefinitely  (since,  in  the  expression  for  5,  if 
I  r    <  1.  r"  approaches  zero), 

21.  HaiTQonic  Progression. 

A  harmonic  progression  is  a  series  of  terms  whose  recip- 
rocals are  in  arithmetical  progression.  (The  harmonic  pro- 
gression is  not  of  great  importance.) 

2ab 

The  harmonic  mean  between  a  and  b  is  H ^= -. 

a  +  b 


A  SYLLABUS  OF  ELEMENTARY  GEOMETRY  AND 
MENSURATION. 

This  syUabus  is  intended  to  include  those  facts  and  methods  of  ele- 
mentary geometry  which  a  student  should  have  so  firmly  fixed  in  his 
memory  that  he  will  never  think  of  looking  them  up  in  a  book. 

1.  Right  Triangles. 

In  a  right  triangle,  the  square  on  the  hypotenuse  is  equal 
to  the  sum  of  the  squares  on  the  other  two  sides  (P\i;hagoras, 
580-501  B.C.) ;  and  the  sum  of  the  acute  angles  is  90°. 

Examples  of  right  triangles  with  integral  sides :  3,  4,  5 ;  5,  12,  13. 

Two  right  triangles  are  congruent  when  they  agree  with 
respect  to  (a)  any  side  and  an  acute  angle;  or  (&)  any  two 
sides. 

In  the  "45°  triangle"  and  the  "30-60°  triangle,"  the  ratios 
of  the  sides  are  as  indicated  in  the  fisrure. 


2.  Oblique  Triangles. 

In  any  plane  triangle,  the  sum  of  the  angles  is  180°.    Hence, 
an  exterior  angle  of  a  triangle  equals  the 
sum  of  the  opposite  interior  angles. 

Of  two  unequal  sides  in  a  triangle,  the  greater  is  opposite 
the  greater  angle. 

A  plane  triangle  is,  in  general,  wholly  determined  when  any 
three  of  its  parts   (not  all  angles)    are  given. 
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There  are  four  cases  : 

^•*ii    ^s  (a)  two   angles    (provided  their  sum  is  less  than 

ISO")   and  one  side; 

(&)   two  sides  and  the  included  angle; 

(c)  the     three     sides     (provided     the 


.^<^ 


V      /^        largest  is  less  than  the  sum  of  the  other 


two) ; 

(d)  two  sides  and  the  angle  opposite  one  of  them  (the  "  ambiguous 
case,"  in  which  we  maj  have  two  solutions,  or  one,  or  none). 

Hence  the  usual  rules  for  testing  the  equality  of  two  plane 
triangles. 

The  center  of  gravity  of  a  plane  triangle  is  the 
intersection  of  the  three  medians,  and  is  two 
thirds  of  the  way  from  any  vertex  to  the  middle 
point  of  the  opposite  side. 

3.  Angles  in  a  Circle. 

An  angle  inscribed  in  a  semicircle  is  a  right  angle. 


^ 


An  angle  subtended  by  an  arc  of  a  circle  at  any  point  of  the 
circumference  is  equal  to  half  the  angle  subtended  by  the  same 
arc  at  the  center. 

4.  Similar  Figures.    Proportion. 

If  any  two  lines  are  cut  by  a  set  of  parallels, 
the  corresponding  segments  are  proportional. 
(Hence  the  usual  rule  for  dividing  a  given  line 
into  any  number  of  equal  parts.) 

In  all  problems  in  proportion,  the  notation  a:b;:c:d,  and  all  special 
terminology,  such  as  "taking  a  proportion  bv  alternation,"  "by  com- 
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position,"  etc.,  should  be  abandoned  in  favor  of  the  ordinary  language 
of  the  equation.  For  example,  if  a/6  =  c/d,  then,  by  adding  1  to  both 
sides,  (o  +  6)/6  =  (c  + d)/d;  and  by  subtracting  1  from  both  sides, 
(a  — &)/&  =  (c  — d)/d;   etc. 

If  two  plane  triangles  are  similar,  their  corresponding  sides 
are  proportional. 

In  a  right  triangle,  the  perpendicular 
from  the  vertex  of  the  right  angle  to  the 
hjTJotenuse  is  a  mean  proportional  be- 
tween the  segments  of  the  hypotenuse: 


p2  =  Ynn. 

Any  two  similar  fig- 
ures, in  the  plane  or  in 
space,  can  be  placed  in 
"  perspective,"  that  is, 
so  that  lines  joining 
corresponding  points  of  the  two  figures  will  pass  through  a 
common  point.  In  other  words,  of  two  similar  figures,  one  is 
merely  an  enlargement  of  the  other. 

In  two  similar  figures,  if  fc  is  the  factor  of  proportionality, 
any  length  in  one  =fc  X  (the  corresponding  length  in  the 
other)  ;  any  area  in  one  =  A;2  X  (the  corresponding  area  in 
the  other) ;  any  volume  in  one  =  A;'  X  (the  corresponding  vol- 
ume in  the  other). 


5.  Lines  and  Planes. 

If  a  line  is  perpendicular  to  a  plane, 
every  plane  containing  that  line  is  perpen- 
dicular to  the  plane. 


^ 


U^ 


7 
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A  dihedral  angle  is  measured  by  a  plane  angle 
formed  by  two  lines,  one  in  each  face,  perpen- 
dicular to  the  edge. 


6.  Plane  Areas. 

Area  of  parallelogram 
=  base  X  altitude. 
Area  of  triangle 

=  ^  base  X  altitude. 
Area  of  trapezoid 

=  -J  sum  of  II  sides  X  alt. 
=  mid-section  X  altitude. 
3.1416  •••  =22/7,  approximately.) 

Circumference  of  circle  =  27rr, 
(Proved  by  regarding  the  circle  as  the 
limit    of   an    inscribed    or    circumscribed 
polygon;  proof  rather  long.) 

Area  of  circle  =7rr^. 
(Proof  by  regarding  circle  as  limit  of  sum  of  triangles  radiating  out 
from  the  center,  the  altitude  of  each  triangle  being  the  radius  of  the 
circle;   hence,  area  of  circle  =h  circumference  X  radius.) 


7.  The  Circle.     (: 


r 


J 


Area  of  sector        angle  of  sector 


area  of  circle        four  right  angles 


;  hence, 


Area  of  sector  =  ^r-O,  where  6  is  the  angle  in  radians. 
For  area  of  segment,  subtract  triangle  from  sector. 
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8.  The  Cylinder. 

Volume    of    any    cylinder 
prism  )=  base  X  altitude. 

Area  of  curved  surface  of  any 
right  cylinder  (or  right  prism)  =     / 
perimeter  of  base  X  altitude. 

(Proof  by  regarding  the  area  as  the  limit  of  a  sum  of  rectangles 
whose  common  altitude  is  the  altitude  of  the  cylinder;  or,  by  slitting 
the  cylinder  along  an  "element"  and  rolling  the  surface  out  into  a 
rectangle.) 

9.  The  Cone. 


Volume  of  any  cone  (or  pyra- 
mid) =  1/3  base  X  altitude. 

(Proof  by  dissecting  a  triangular 
prism;  or,  more  simply,  by  the  in- 
tegral calculus.) 


Area  of  curved  surface  of  a  right  circular  cone  (or  a  regular 
pyramid)  =  1/2  perimeter  of  base  X  slant  height. 

(Proof  by  regarding  the  area  as  the  limit  of  a  sum  of  triangles  whose 
common  altitude  is  the  slant  height  of  the  cone.) 

Area  of  frustum  of  a  right  circular  cone  (or  of  a  regular 
pyramid) 

=1/2  sum  of  perimeters  of  bases  X  slant  height. 
=  perimeter  of  mid-section  X  slant  height. 

(Proof  by  regarding  the  area  as  the  limit  of  the  trapezoids  whose 
common  altitude  ia  the  slant  height  of  the  frustum.) 
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10.  The  Sphere. 

Area  of  a  zone  =  circumference  of  great  circle  X  altitude 
of  zone. 

In  other  words,  the  area  of  the  sphere  cut  out  bv  two  parallel  planea 
is  equal  to  the  area  of  the  portion  of  the  circumscribing  cylinder  inter- 
cepted between  the  same  pair  of  parallel  planes.  (Proof  by  regariiing 
the  zone  as  the  limit  of  a  sum  of  conical  frustums.)     Hencej 


Area  of  sphere  =  4^r- 

=  area  of  four  great  circles  of  the  sphere. 

In  other  words,  the  area  of  the  sphere  is  equal  to  the  area  of  th« 
curved  surface  of  the  circumscri'bing  cylinder. 

Volume  of  sphere  =  |-  ttt^. 

(Proof  by  regarding  sphere  as  limit  of  a  sum  of  pyramids  radi- 
ating out  from  the  center,  the  altitude  of  each  pyramid  being  the  radius 
of  the  sphere;  hence,  volume  of  sphere  =i  area  of  sphere  X  radius.) 

Area  of  a  lune       anorle  of  lune 


area    of   sphere        four  right  angles* 
Area  of  spherical  triangle  is  proportional  to    its 
spherical  excess  (that  is,  the  excess  of  the  sum  of  its 
angles  over  180°). 

(Proof  by  considering  three  lunes  which  have  the  given  triangle  in 
common.) 
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The  foUoxcing  further  theorems,  the  proof  of  ichich  involves  the  inte- 
gral ealcuius,  are  mentioned  here  also,  beccxise  they  are  easy  to  remember 
and  are  often  serviceable  in  elementary  tvorTc. 

11.  Cavalieri's  Theorem  (1598-1647). 

Suppose  two  solids  have  their  bases  in  the  same  plane,  and 
let  the  sections  made  in  each  solid  by  any  plane  parallel  to  the 
base  be  called  "corresponding  sections."  If  then  the  corre- 
sponding sections  of  the  two  solids  are  always  equal,  the  vol- 
umes of  the  solids  will  be  equal. 

(Proof  bj-  regarding  each  of  the  solids  as  the  limit  of  a  pile  of  thin 
slabs.) 


12.  Theorems  of  Guldin   (1577-1643),  or 
of  Pappus  (about  290  A.D.). 

1.  Suppose  a  plane  figure  revolves  about 
an  axis  in  its  plane  but  not  cutting  it. 
Then  the  volume  of  the  solid  thus  generated 
is  equal  to  the  area  of  the  given  figure 
times  the  length  of  the  path  traced  by  its 
center  of  gravity. 

2.  Suppose  a  plane  curve  revolves 
about  an  axis  in  its  plane  but  not  cutting 
it.  Then  the  area  of  the  surface  thus 
generated  is  equal  to  the  length  of  the 
given  curve  times  the  length  of  the  path 
traced  by  its  center  of  gravity. 
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13.  The  Piismoidal  Formula. 

The  prismoidal  forinula  holds  for  anr  solid  lying  between  two  parallel 
planes  and  such  that  the  area  of  a  section  at  distance  i  from  the  base  is 
expressible  as  a  polynomial  of  the  second  (or  third)  degree  in  x. 

If  J..  5  =  areas  of  the  bases.  J/  =^  area  of  a  plane  section 
midway  between  the  bases,  and  1\  =  altitude,  then 

Volume  of  prismoid -  {A  -^  B  —  -tlf ). 

—  6 
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Sine,  Cosine,  a^td  Tangent  op  Acute  Angles. 
1.  DefinitioJi  of  $i?ie.  cosine,  and  tangeni  of  an  acute  angle 
X. — In  any  right  triangle,  if  x  is  one  of  the  acut€  angles,  the 
sine,  cosine  and  tangent  of  x  are  defined  as  ratios  between  the 
sides  of  the  triangle,  as  follows: 


8mx  = 


side  opp. 


hvpot. 
tanx  = 


cosx 


side  opp. 


side  adj. 

hypot. 


Fig.  2. 


side  adj. 

These  ratios  are  pure  numbers,  depending  only  on  the  size  of 
the  angle. 

2.  To  trace  the  changes  in  these  num- 
bers when  the  angle  changes  from  0°  to 
90°,  draw  the  figure  so  that  the  denomi- 
nator of  the  ratio  is  kept  constant,  say 
equal  to  1  inch,  and  trace  the  changes  in 
the  numerator.  Thus,  from  Fig.  2,  when 
X  goes  from  0"  to  90°.  sin  x  goes  from 
0  to  1,  and  cos  x  goes  from  1  to  0 :  from 
Fig  3,  when  x  goes  from  0°  to  90°,  tan  x 
goes  from  0  to  infinity. 

3.  Tables. — The  ratios  thus  defined 
are  called  "trigonometric  functions" 
of  the  angle,  and  their  values  have 
been  tabulated,  to  i,  5.  or  6  places  of 
decimals,  in  the  "tables  of  trigonometric 
functions."  Before  using  the  printed 
tables,  the  student  should  make  his  own 
table,  for  a  few  angles,  by  graphical  con- 
struction, with  a  protractor,  to  two 
places  of  decimals.* 

•  It  is  clear  from  the  figure  that  the  values  of  cos  x  from  0'  to  90°  are 
the  same  as  the  values  of  sin  x  in  reverse  order;  note  how  this  fact  is 
made  use  of  to  save  space  in  the  tables. 
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Fig.  4. 


4.  The  functions  of  30%  45%  and  60=  can  be  found  exactly, 
without  the  use  of  the  table.     Thus,  in  the 

triangles  -which  occur  in  Fig.  4,  it  is  readily 
proved  by  the  Pythagorean  theorem  that 
if  the  hypotenuse  is  1  inch,  the  shortest 
side  is  ^  in.,  the  longest  side  is  ^\^3  in., 
and  the  middle-sized  side  ^\^2  in.  Hence 
any  function  of  30°,  45%  or  60°  can  be  read 
off  the  figure  by  inspection.    For  example, 

sin  30°=^.     tan45°=l,     tan60°  =  V3;     etc. 

5.  It  is  frequently  required  to  find  the  remuitiing  functions 
^y\        of  an  angle  ivhen  any  one  function  is  given.    To 

^^  \t  do  this,  draw  a  right  triangle,  mark  one  of  the 
■^^  3 —  angles,  and  mark  two  sides  to  correspond  to 
the  given  function.  Then  compute  the  remaiu- 
ing  side  by  the  Pythagorean  theorem,  and  read 
off  any  desired  function  from  the  completed 
figure.  For  example. 
Given,  tan  x  =  ^.  From  the  figure,  sin  x  =  2  \'13;  etc. 
Given,  sin  j  =  a.  From  the  figure,  tan  x  =  a/\^l  —  a-;  etc. 
To  construct  an  angle  when  any  one  of  its  functions  is 
given,  first  find  the  tangent  of  the  angle;  when  the  tangent  is 
known,  the  construction  of  the  angle  is  obvious. 

6.  The  notation  sin-  x,  etc.,  is  used  as  an  abbreviation  for 
(sin  x)';  etc. 

The  following  fundamental  relations  are  easily  proved  and 
remembered  from  the  figure:  for  any  angle  x, 


Fig.  J). 


Fig. 


sin' X -1- cos' X  =  1,    tanx  = 


sinx 
cosx' 


Fig.  S. 

sin  (90°— x)=cosx. 
cos  (90°— x)  =sinx. 
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7.  The  student  should  be  thoroughly  drilled  in  the  defini- 
tions of  the  sine,  cosine  and  tangent,  in  right 
triangles  in  all  possible  positions  in  the  plane 
regardless  of  lettering.  Thus,  the  mental  proc- 
ess should  be  as  follows :  pointing  at  the  figure, 
''the  tangent  of  tJiis  angle  is  this  side,  divided 
by  th  is  side ' ' ;  etc. 

iG.  9.  rpj^g  following  forms  of  the  original  equations 

are  especially  useful,  and  should  be  emphasized: 

side  opp.  =  hypot.  X  sine ;    side  adj.  =  hypot.  X  cosine. 

Solution  of  Right  Triangles. 

8.  We  recall  that  in  any  right  triangle,  the  sum  of  the 
squares  on  the  two  legs  is  equal  to  the  square 

on  the  hypotenuse,  and  the  sum  of  the  acute 
angles  is  90°.  Hence,  when  either  acute  angle 
is  known,  the  other  may  be  found;  and  the 
sine  of  either  acute  angle  is  the  cosine  of  the 
other : 

c-  =  a- -}-&-,     sin  J.  ^  cos  B, 

9.  By  the  aid  of  a  table  of  sines,  cosines  and  tangents,  when 
any  two  parts  of  a  right  triangle,  besides  the  right  angle,  are 
given,  the  remaining  parts  may  he  found  (except  in  the  case 
where  the  given  parts  are  the  two  acute  angles,  in  which  case 
the  triangle  is  not  determined). 

For,  we  have  merely  to  remember  the  definitions  of  the  func- 
tions, selecting  the  equations  so  that  only  one  unknown  ap- 
pears in  each  equation ;  then  solve  for  the  unknown  quantitj^ 
and  compute  by  the  aid  of  the  tables.  The  results  should  be 
checked  by  substituting  in  some  relation  not  used  in  the  direct 
computation.* 

•  This  computation,  like  many  other  numerical  compr:tations,  can  often 
be  shortened  by  the  use  of  the  slide  rule,  or  by  the  use  of  logarithms; 
in  fact,  tables  are  provided  which  give  the  logarithms  of  the  trigono- 
metric functions  directly  in  terms  of  the  angles;  but  the  student  should 
thoroughly  understand  the  use  of  the  functions  themselves  before  he 
begins  to  use  the  logarithmic  tables. 
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10.  Numerous  problems  involving  right  triangles:  isosceles 
triangles,  polygons,  oblique  triangles  solved  by  means  of  right 
triangles,  heights  and  distances,  surveying  problems,  etc. 

Orthogonal  Projection.     Coilponents  of  Forces,  etc. 

11.  The  projection  of  a  length  AB  on  any  line  is  the  given 
length    times    the    cosine    of 
the  angle  between  the  lines. 
(Proof  from  the  definition  of 
cosine.) 

The  projection  of  a  plane 
area  upon  any  fixed  plane  is 
the  given  area  times  the  cosine 
of  the  angle  between  the 
planes.  Proof  by  the  theorem 
of  limits.) 

12.  The  component  of  a  force  along  any  fixed  axis  is  the 
magnitude  of  the  force  times  the  cosine  of  the 
angle  between  the  force  and  the  axis. 

Since  we  usually  require  the  components 
along  two  rectangular  axes,  it  is  important  to 
remember  that  cos  (90° — a:)^sina;.  The 
mental  process  should  be  as  follows : 
In  Fig.  12,  the  component  of  F  along  the  y-axis  is  F  times 
the  cosine  of  6;  the  component  of  F  along  the  rr-axis  is  F 
times  the  cosine  of  the  other  angle,  which  is  F  times  the  sine 
of  6;  that  is,  Fy  =  F  cos  6;  Fr  =  F  sin  6.  Similarly,  in  Fig. 
13,  i^x  =  i^cos<^;  F'y  =  —  Fsin^  (minus,  because  it  pulls 
backward  along  that  line). 

The  components  of  velocities,  accelerations,  or  any  other 
vector  quantities  are  to  be  handled  in  the  same  way. 

13.  Every  problem  should  be  accompanied  by  a  sketch  or 
diagram,  to  show  that  the  student  understands  the  meaning 
of  each  step  of  his  work.  And  in  many  cases,  an  accurate 
graphical  solution  on  a  drawing  board  may  be  used  as  a  valu- 
able check  on  the  correctness  of  the  numerical  computation. 


Fig.  12.    13. 
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14,  Note.  That  portion  of  trigonometry  ivhich  has  been 
outlined  up  to  this  point  is  so  elementary  in  character,  and  so 
readily  understood  and  appreciated  iy  the  student,  that  it 
may  well  he  introduced  much  earlier  in  the  course  than  is 
usually  done — perhaps  even  as  early  as  the  elementary  course 
in  plane  geometry. 


CHAPTER   II. 

The  Trigonometric  Functions  of  Any  Angle. 

15.  Angles  in  general. — An  angle,  as  the  term  is  used  in  ap- 
plied mathematics,  is  the  amount  of  rotation  of  a  moving 
radius  OP  about  a  fixed  point  0,  measured  from  a  fixed  line 
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Fig.  14. 


OX.  Here  OX  is  called  the  initial  line  and  OP  the  terminal 
line  of  the  angle.  Counterclockmse  rotation  is  positive,  and 
angles  are  added  and  subtracted  as  algebraic  quantities.  The 
quadrants  are  numbered  as  in  the  figure ;  an  "  angle  in  quad- 
rant 11 ' '  for  example,  means  an  angle  whose  terminal  line  lies 
in  quadrant  II. 

16.  Congruent  angles  are  angles  differing  by  any  multiple 
of  360°. 

17.  Complementary  angles  are  angles  whose  sum  is  90°; 
supplementary  angles  are  angles  whose  sum  is  180°. 

18.  Units  of  angular  measurement  are:  the  degree,  sub- 
divided into  minutes  and  seconds,  or  decimally;  the  grade, 
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subdivided  decimally;  and  the  radian,  subdivided  decimally. 

1  degree  =  1°  =  l/90tli  of  a 
right  angle; 

1  grade  =  1/lOOth  of  a  right 
angle  (used  in  France)  ; 

1  radian  =  angle  subtended  by 
Fig.  15.  an  arc  equal  to  the  radius. 

Since  ratio  of  semi-circumference  to  radius  =  7r  (where 
77  =  3.1416  •••  =334  approximately),  we  have 

IT  radians  =  180°,  and  hence  1  radian  =  about  57.3°. 

19.  The  radian  is  especially  important  in  problems  concern- 
ing the  motion  of  a  particle  in  a  circular  path.     Thus,  if 

r  ft.  =  radius  of  the  circle, 

s  ft.  =  length  of  arc  traversed,  and 

6  radians  =  angle  swept  over  by  the  moving  radius,  then 

s^=rd. 

This  important  equation  is  not  true  unless  the  angle  is  meas- 
ured in  radians.     Again,  if 
V  ft,  per  sec.  =  linear  velocity  of  the  particle  in  its  path,  and 
w  radians  per  sec.  =  its  angular  velocity,  then 

V  =  ro). 

Further,  if  the  angular  velocity  =  w  radians  per  sec.  =  N 
rev.  per  min.,  then  the  relation  between  the  numbers  w  and 
A^  is  given  by 

ttN 

"=30- 

In  all  higher  mathematics,  when  a  letter  is  used  for  an 
angle,  without  designating  the  unit,  it  is  understood  that  the 
letter  means  the  number  of  radians  in  the  angle. 
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20.  Definition  of  sine,  cosine,  and  tangent  of  any  angle. — 
Let  X  be  any  angle,  swept  over  by  a  moving  radius  revolving 
from  OX  to  OL,  and  suppose  for  convenience  of  language  that 
OX  extends  horizontally  to  the  right.  Assume,  for  the  moment 
that  OX  and  OL  are  not  perpendicular.  From  any  point  P 
of  the  moving  radius  drop  a  perpendicular  on  the  initial 
line  (or  the  initial  line  produced),  thus  forming  a  right  tri- 


Fio.  16. 

angle,  called  the  triangle  of  reference  for  the  given  angle  x. 
In  this  triangle,  the  perpendicular  MP  is  called  the  side  oppo- 
site 0,  and  is  positive  if  it  runs  up,  negative  if  it  runs  down ; 
the  base  OM  is  called  the  side  adjacent  to  0,  and  is  positive  if 
it  runs  to  the  right,  negative  if  it  runs  to  the  left,  and  the 
radius  OP  is  called  the  hypotenuse  of  the  triangle  and  may 
always  be  taken  as  positive.  The  sine,  cosine  and  tangent  of 
the  angle  x  are  then  defined  as  follows : 


sin  X  = 


side  opp, 
hypot. 


— ,    cos  X  = 


side  adj. 
hypot. 


tan  X  = 


side  opp.  _  sin  x 
side  adj.       cos  a; 


These  ratios  are  positive  or  negative  numbers,  depending 
only  on  the  position  of  the  terminal  side  of  the  angle  x,  and 
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are  called  trigonometric  functions  of  x.  The  functions  of  any 
angle  congruent  to  x  are  the  same  as  the  functions  of  x,  so 
that  we  need  consider  only  the  angles  in  "the  first  revolu- 
tion," that  is,  angles  between  0°  and  360°. 

21.  To  trace  the  changes  in  each  function  as  the  angle 
changes  from  0°  to  360",  draw  the  figure  so  that  the  denomi- 
nator of  the  ratio  is  kept  constant,  say  equal  to  1  inch,  and 
trace  the  changes  in  the  numerator  (Fig.  17  for  the  sine  and 
cosine;  Fig.  18  for  the  tangent).  Obviously,  the  sine  will  be 
positive  for  angles  in  the  upper  quadrants;  the  cosine  will 
be  positive  for  angles  in  the  right  hand  quadrants;  and  the 
tangent  will  be  positive  in  quadrants  1  and  111. 

The  definitions  of  the  functions  of  0°,  90°,  180°,  and  270°, 
which  were  not  included  above,  can  now  be  readily  obtained 
by  noting  what  becomes  of  the  function  of  a  variable  angle 
X  when  x  approaches  one  of  these  values  as  a  limit. 

In  using  the  "circle  of  reference"  be  careful  to  have  every 
angle  start  from  the  initial  line  that  extends  horizontally  to 
the  right. 

Other  Trigonometric  Functions. 

22.  Definition  of  other  trigonometric  functions. — Besides 
the  sine,  cosine,  and  tangent,  other  functions  in  common  use 
are  the  cotangent,  the  secant,  and  the  cosecant,  which  are 
most  conveniently  defined  thus : 

1  1  1 

cota;= .     sec  X  = .     esc  x  =  ^ — . 

tan  X  cos  x  sm  x 

Less  important,  but  often  convenient,  are  the  versed  sine  and 
the  coversed  sine: 

vers  X  ^  1  —  cos  x,     covers  x  ^  1  —  sin  x. 

23.  It  is  worth  remembering  that  the  sine  and  cosine  are 
always  less  than  (or  equal  to)  1,  in  absolute  value;  their 
reciprocals,  the  secant  and  cosecant,  are  always  greater  than 
(or  equal  to)  1,  in  absolute  value;  the  tangent  and  cotangent 
may  have  any  value,  positive  or  negative;  while  the  versed 
sine  and  coversed  sine  are  always  positive,  ranging  from  0  to  2. 


TRIGONOMETRY. 


201 


Fio.  17. 


Fio.  18. 


202 


TBIGONOMETEY. 


X-9<f 


Fig.  19. 


24.  Use  of  the  tables:  reduction  to  the  first  quadrant. — The 
tables  in  common  use  give  the  values  of  the  functions  only 
for  angles  between  0°  and  90°,  that  is,  only  for  angles  in  the 
first  quadrant.  To  find  the  functions  of  an  angle  x  in  one 
of  the  other  quadrants,  find  first  the  "reduced  angle"  in 
quadrant  I  (that  is,  a:  — 90°,  or  x  — 180°,  or  x  — 270°),  and 
then  proceed  as  in  the  following  examples  :* 

(o)  To  find  cosx,  when  x  is  in  quadrant  II.  Draw  any 
angle  in  quadrant  //  to  represent  the  angle  x  (avoiding, 
however,  lines  near  the  middle  of  the 
quadrant)  and  draw  the  "  reduced 
angle"  x  —  90°  in  quadrant  I.  Then, 
pointing  at  the  figure,  cos  x  is  this  line 
(vw)  [divided  by  the  radius],  which 
is  the  same  in  length  as  this  line  (<) 
[divided  by  the  radius],  which  is  the 
sine  of  x  —  90° ;  but  the  first  line  is 
negative;  hence 

cosa;  =  —  sin  {x  —  90°), 

where  sin  {x  —  90° ) ,  of  course,  can  be  found  in  the  table. 

(6)  To  find  tana:,  when  x  is  in  quadrant  II.  Pointing  at 
the  figure,  tan  x  is  this  line  ( < )  divided 
by  this  line  (|||),  which  is  the  same  as 
this  line  (VW)  divided  by  this  line  (=,), 
which  is  the  cotangent  of  {x  —  90°); 
but  the  signs  are  unlike;  hence 

tan  a;  =  — cot  (x  — 90°), 

where  cot  {x  —  90°)  can  be  found  from 
the  table. 

Similarly  for  any  other  case. 

25.  The  converse  problem  of  finding  the  angle  correspond- 
ing to  any  given  function  is  complicated  by  the  fact  that  there 
will  be  (in  general)  two  angles  between  0°  and  360°  corre- 
sponding to  any  given  function.    The  most  satisfactory  way 

*  The  given  angle  is  supposed  to  be  already  reduced  to  an  angle  be- 
tween 0°  and  360°. 


Fig.  20. 
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to  find  these  two  angles,  in  any  numerical  case,  is  to  draw 
the  figure,  and  proceed  as  in  the  examples  below,  in  which  x^ 
in  each  case  represents  an  angle  in  the  first  quadrant  which 
can  be  found  in  the  table. 


Given  sin  x  =  0.5 ; 
x  =  Xq  or  180° — Xe 


FlQ.  23. 

Given  cos  x  =  0.8; 
x  =  Xo  or  360°— a 


Given  tan  x  =  0.8; 
x  =  Xo  or  180°+a:o. 


Given  sinx  =  —  0.5; 

a;  =  180° +0^0  or  360°— Xg. 


Given  cosx  =  —  0.5; 

a:  =  180°— Xo  or  180° +Xo. 


Given  tana;= — 0.8; 

a:  =  180°— Xo  or  360°— Xo- 
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These  results  are  not  formulae  to  be  memorized ;  it  is  much 
safer,  and  more  intelligent,  to  draw  the  appropriate  figure, 
or  to  visualize  it  in  the  mind,  for  each  case  as  it  arises.  The 
student  should  be  thoroughly  drilled  in  numerical  cases, 
especially  for  angles  in  the  second  quadrant. 

Notice  that  an  angle  is  completely  determined  when  we 
know  the  value  of  any  one  of  its  functions,  and  the  sign  of 
any  other  function  (not  the  reciprocal  of  the  fiLrst). 

It  we  restrict  ourselves  to  angles  between  0°  and  180°, 
as  in  the  case  of  angles  in  a  triangle,  then  an  angle  is  wholly 
determined  by  either  its  cosine  or  its  tangent:  but  there  will 
be  two  angles,  x  and  180° — x,  corresponding  to  a  given  sine. 

26.  The  functions  of  certain  angles  in  the  later  quadrants, 
corresponding  to  30°,  45°,  and  60°  in  quadrant  I,  may  be 
found  exactly,  without  the  use  of  the  tables,  by  inspection 
of  the  figure  (see  §  4). 

For  example,  cos  120°=  — h 

27.  If  it  is  required  to  find  the  remaining  functions  of  an 
angle  when  one  function  is  given,  draw  a  right  triangle  and 
proceed  as  in  §  5.  considering  only  the  absolute  values  of 
the  quantities,  without  regard  to  sign;  then  adjust  the  sign 
of  the  answer  according  to  the  quadrant  in  .which  the 
angle  lies.  Or,  the  angle  may  be  drawn  at  once  in  the  proper 
quadrant. 

Solution  of  Oblique  Triangles. 

28.  In  any  plane  triangle  the  following  theorems  are  easily 
proved  from  a  figure: 

(1)  The  "Law  of  Sines." — Any  side  is  to  any  other  side  as 
the  sine  of  the  angle  opposite  the  first  side  is  to  the  sine  of  the 
angle  opposite  the  other  side ;  in  the  usual  notation : 

a      sin  A 


b      Bin  B' 

with  two   analogous  formulse   obtained  by  "advancing  the 
letters." 
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(2)  The  "Law  of  Cosines." — The  square  of  any  side  is 
equal  to  the  sum  of  the  squares  of  the  other  two  sides,  minus 
twice  their  product  times  the  cosine  of  the  included  angle : 

o^  =  2)2  -|-  c^  —  2bc  cos  A, 

with  two  analogous  formulae  obtained  by  "advancing  the 
letters." 

These  two  laws,  with  the  fact  that  the  sum  of  the  angles  is 
180°,  suffice  to  "solve"  any  plane  triangle,  and  are  important 
in  many  theoretical  considerations. 

The  following  formulae  which  are  especially  adapted  to 
logarithmic  computation,  give  the  tangents  of  the  half-angles 
in  terms  of  the  sides,  and  are  included  here  for  reference : 

^      A  r  ^      B  r  .       C  r 

tan  TT  = ,         tan  -  = r ,         tan  -  = 

2       s—a  2       s — 6  2       s—c 

where 


_  a  +  6  +  c 


and 


r  =     /(^-")(^-^)(^~*^)  =  radius  of  inscribed  circle. 
From  these  formulte  we  have  at  once. 


Area  =  rs=  y/s{s  —  a)  (s  —  h)  {s  —  c). 

29.  The  only  case  which  is  likely  to  give  any  difficulty,  is 
the  ' '  ambiguous  case ' '  in  which  the  given  parts  are  two  sides 
and  the  angle  opposite  one  of  them.  Here  we  must  remem- 
ber, at  a  certain  point  in  the  work,  that  when  the  sine  of  an 
angle  is  given,  there  will  be,  in  general,  two  angles  corre- 
sponding to  that  sine,  one  the  supplement  of  the  other;  so 
that  from  that  point  on,  the  problem  breaks  up  into  two 
separate  problems.  But  if  the  sine  of  an  angle  is  1,  then 
the  only  value  for  the  angle  is  90° ;  and  if  the  sine  is  greater 
than  1,  there  is  no  corresponding  angle,  and  the  problem  is 
impossible.  It  is  advisable  to  construct  a  fairly  accurate 
figure. 
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30.  Problems  in  oblique  triangles,  trianguUttion,  etc. 

In  every  case  at  least  a  rough  sketch  should  be  drawn  on 
which  the  known  parts  are  clearly  marked,  and  a  "blank 
form"  for  the  computation  should  be  made  out  for  the  entire 
problem,  before  any  of  the  quantities  are  looked  up  in  the 
table. 


CHAPTER   III. 
General  Properties  of  the  Trigonometric  Functions. 

31.  Relations  between  the  functions  of  a  single  angle. — The 
student  should  convince  himself  that  the  following  important 
relations  will  hold  for  any  angle  x: 


sin'  X  -f-  cos'  X  =  1,     tan  x  = 
sec'  X  =  1  -{-  tan'  x . 


sin  X 
cosx' 


All  these  relations  are  easily  recalled  by  the  aid  of  the 
figures. 

Somewhat  less  important  is  the  following : 
csc^x  =  1  +  cot^x. 

32.  Functions  of  ( — x).    From  the  figure, 
sin  ( — x)  = — sinx, 
cos  ( — x)  =cosx, 
tan  ( — x)  =  —  tanx. 

33.  Functionsof  (90°  -\-x),  (x +  iSO°),  efc— Any  function 

of   a   combination   like    (x±n90°)    or    {n90°  ±x)    can   be 

expressed  in  terms  of  a  function  of  x  by  the  use  of  the  figure. 

For  example,  find  sec  (270° — x).     Take  as  x  any  small 

angle  in  the  first  quadrant,  and  draw  the  angle  270° — x. 

Then,    sec    (270° — x)    is    1    over    the 

cosine  of  (270°  — x),  which,  pointing  at 

the  figure,  is  the  radius  over  this  line 

(    ^VV  )>  which  is  the  same,  in  length,  as 

the  radius  over  this  line  ( ^  ),  which  is 

1  over  the  sine  of  x,  or  esc  x.    But  the 

signs  are  opposite ;  therefore, 

sec  (270°  —  x)  =  —  cscx. 
207 


TZO^X 


208  TRIGONOMETRY. 

This  method  requires  the  memorizing  of  no  rules  or  for- 
mulae, besides  the  definitions  of  the  functions;  a  very  little 
practice  "will  develop  all  the  speed  and  accuracy  that  can  be 
desired,  and  the  method  is  one  which  is  readily  recalled  to 
mind  after  long  disuse.  The  special  case  of  complementary 
angles,  however,  is  worth  remembering  as  a  separate  formula : 
Any  function  of   (90° — a;)=the  co-named  function  of  x. 

Formulas  for  the  Sum  of  Two  Angles,  Etc. 

34.  In  simplifying  trigonometric  expressions  which  occur 
in  calculus,  mechanics,  etc.,  the  following  formula  are  so  fre- 
quently required  that  they  should  be  thoroughly  memorized. 
The  ability  to  recognize  those  relations  readily,  regardless  of 
the  special  lettering  employed,  is  a  necessary  condition  for 
rapid  progress  in  almost  any  branch  of  analysis,  but  it  is 
highly  undesirable  to  extend  the  list  heyond  the  limits  here 
given. 

The  fundamental  formulae  from  which  all  others  are  derived 
are  these  two,  the  proof  of  which  is  obtained  from  a  figure : 

(1)  sin  {x-\-y)  =  sin  xcosy  -\-  cos  x  sin  y, 

(2)  cos  (x  +  2/)  ^  cos  re  cos  1/  —  sin  a;  sin  y. 

These  and  the  following  formulae  should  be  memorized  in 
words,  not  in  letters :  thus,  ' '  the  sine  of  the  sum  of  two  angles 
is  the  sine  of  the  first  times  the  cosine  of  the  second,  plus  the 
cosine  of  the  first  times  the  sine  of  the  second, ' '  etc. 

Dividing  (1)  by  (2)  and  then  dividing  numerator  and  de- 
nomerator  by  the  product  of  the  cosines,  we  have 


tan  X  +  tan  y 

tan  (x  +  y)  =  z 

^        ^  ^       1  —  tan  X  tan  t 


^^^  ^""  ^-  -r  ^y  -  i_tana;  tant/' 

Changing  the  sign  of  y  in  these  three  formulae,  and  remem- 
bering the  relations  for  negative  angles,  we  have  the  corre- 
sponding formulae  for  sin  (x  —  y),  cos  (x  —  y),  tan  (x  —  y), 
which  will  be  exactly  the  same  as  (1),  (2),  and  (3)  with  all 
the  connecting  signs  reversed: 
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(4)  sin  (a;  —  y)  =  sin x cosy  —  cos x sin  y, 

(5)  cos  (x  —  t/)^cos  X  cos  J/  + sinxsiny, 

/c\  4.      /  \        ^^  ^  —  tan  y 

(6)  tan  (x  —  y)  =  -—— -—^. 

Putting  x  =  y  in  (1),  (2),  and  (3)  we  have  at  once 

(7)  sin  2x  =  2  sin  a;  cos  x, 

(8)  cos  2x  =  cos=  X  —  sin^  x 

=  1  —  2  sin'  x  =  2  cos*  x  —  1, 

2tanx 


(9)  tan  2x  = 


1  —  tan*  x' 


Solving  (8)  first  for  sinx  and  then  for  eosx,  and  putting 
2x  =  y,  or  X  ^  y/2,  we  find 


(10) 

'    y       _i_     /I  —  cos  y   . 
^^2      -^V        2        ' 

(11) 

whence, 

y        ,      /I  4-  cos  y 
cos^  =  ±^       2        ' 

/-irt\  X       !/       _i_     /I  —  cos  y 

(12)  tan|-=±A/=— ^. 

2  \  1  +  cos  y 

This  last  formula  may  be  transformed,  by  rationalizing 
numerator  or  denominator,  into 

^^  y  ^  1  -  cos  y  ^      sin  y 
2  sin  y  1  +  cos  y 

Other  formulas,  useful  for  special  purposes,  should  not  be 
memorized,  but  should  be  derived  as  needed. 

35.  In  proving  the  identity  of  two  trigonometric  expres- 
sions, it  is  best  to  reduce  each  expression  separately  to  its 
simplest  form. 

*  The  plus  sign  is  to  be  used  when  sin  ly  is  positive,  the  minus  sign 
when  sin  ^y  i3  negative.     Similarly  in  the  next  two  formulas. 
14 
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The  fallacy  of  supposing  that  because  a  true  relation  can  be 
deduced  from  a  given  equation,  the  given  equation  is  there- 
fore necessarily  true,  should  be  carefully  explained. 

For  example,  from  the  false  equation  3  =  —  3  we  can  obtain  the  true 
equation  9^9  by  squaring  both  sides ;  or,  from  the  false  equation 
30°  =  150°  we  can  obtain  the  true  equation  %  =  i,^  by  taking  the  sine 
of  both  sides;  but  in  each  of  these  cases  the  step  taken  is  not  reversible. 

36.  The  following  device  for  transforming  an  expression 
of  the  form  a  cos  x  -\-h  sin  x  is  often  useful : 

b 


a  cos  X  +  6  sin  X  =  Va^  +  6^  [^^t:^^  cos  X  4- -^^-^-^  sin  xj 

=  A  cos  (x  —  B), 

where  A  =  VCa^  -f  b^)  and  tan  B  =  -. 

a 

37.  The  inverse  functions. 

The  angle  between  — 90°  and  -J- 90°  whose  sine  is  x  is  de- 
noted by  sin"^  x* 

The  angle  between  0°  and  180°  whose  cosine  is  x  is  denoted 
by  cos'^  x. 

The  angle  between  — 90°  and  +90°  whose  tangent  is  x 
is  denoted  by  tan-^  x. 

In  simplifying  expressions  involving  these  "inverse  func- 
tions," it  is  well  to  take  a  single  letter  to  stand  for  each  in- 
verse function ;  as,  j/  =  sin-^  x,  whence,  by  definition,  sin  y=x ; 
etc. 

38.  Solution  of  trigonometric  equations.  Many  trigonomet- 
ric equations  can  be  solved  only  by  the  "method  of  trial  and 
error"  (see  chapter  on  numerical  computation).  In  other 
cases,  however,  it  is  possible,  by  the  use  of  the  formulas  given 
above,  to  transform  the  given  equation  into  a  form  involving 
only  a  single  function  of  a  single  angle;  if  this  equation  can 
be  solved  for  the  function  in  question,  then  the  required  value 
(or  values)  of  the  angle  can  be  found  from  the  tables  or  it 
can  be  shown  that  no  solution  exists. 

*  The  symbol  sin"^  x  (or  arc  sin  a:)  is  often  defined  as  simply  "the 
angle  whose  sine  is  a; " ;  but  since  there  are  many  such  angles,  it  is  neces- 
sary to  specify  which  one  is  to  be  taken  as  "the"  angle,  if  the  symbol 
is  to  have  any  definite  meaning. 


A  SYLLABUS  OF  ANALYTIC  GEOMETRY. 

This  syllabus  is  intended  to  include  those  facts  and  methods  of  ana- 
lytic geometry  which  a  student  who  has  completed  an  elementary  course 
in  that  subject  should  have  so  firmly  fixed  in  his  memory  that  he  will 
never  think  of  looking  them  up  in  a  book. 

A  course  of  study  in  analytic  geometry  should  consist  chiefly  of 
problems  solved  by  the  students,  each  problem  being  solved  on  the  basis 
of  a  small  number  of  fundamental  formulas  such  as  are  here  mentioned. 

This  syllabus  is  confined  mainly  to  the  conic  sections;  but  a  satis- 
factory course  in  analytic  geometry  should  include  also  the  study  of 
many  other  curves,  both  in  rectangular  and  in  polar  coordinates.  The 
syllabus  takes  up  only  those  properties  of  curves  which  can  be  readily 
investigated  without  the  aid  of  the  calculus;  but  the  present  tendency 
to  introduce  the  elements  of  the  calculus  before  any  elaborate  study 
of  geometry  is  attempted  is  to  be  much  encouraged. 

Table  of  Contents. 
Chapter  I.  Rectangular  Co-ordinates. 
Chapter  II.     The  Straight  Line:  Equations  of  the  Form 

Ax  +  By  +  C  =  0. 
Chapter  III.    The  Circle:  Equations  of  the  Form 

3^  +  y^  +  Dx  +  Ey  +  F  =  0. 
Chapter  IV.     The  Parabola:  y'  =  2px. 
Chapter  V.     The  Ellipse  :   bV  -f  ay  =  a-b\ 
Chapter  VI.     The  Hyperbola:  b-x- —  a-if  =  a?b\ 
Chapter  VII.    Transformation  op  Co-ordinates. 
Chapter  VIII.    General  Equation  of  the  Second  Degree  in 

X  and  y. 
Chapter  IX.    Systems  of  Conics. 
Chapter  X.    Polar  Co-ordinates. 
Chapter  XI.    Coordinates  in  Space. 
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CHAPTER  I. 

RECTANGULAR   COORDINATES. 

1,  In  many  geometrical  problems  it  is  convenient  to  describe 
the  position  of  a  point  in  a  plane  by  giving  its  distances  from  two 
fixed  (perpendicular)  lines  in  the  plane.* 

For  example,  on  a  map,  the  distance  of  a  point  to  the  east  or 
west  from  a  fixed  meridian  is  called  the  longitude  of  the  point,  and 
its  distance  north  or  south  from  the  equator  is  called  its  latitude. 

So  in  general,  in  any  plane,  the  distance  of  a  point  to  the  right 
or  left  from  a  fixed  vertical  axis  is  called  the  abscissa,  x,  of  the  point, 
and  its  distance  up  or  down  from  a  fixed  horizontal  axis  is  called 
its  ordinate,  y.  The  x  and  y  together  are  called  the  coordinates  of 
the  point. 

^  The  value  of  x  (=  OM)  will  be  positive  to  the 
right,  negative  to  the  left;  the  value  of  y  (=MP) 
will  be  positive  upward,  negative  downward.  The 
point  for  which  x  =  Xi  and  y  =  y^  is  denoted  by 
Pi,  or(xi,  yi). 


2/ 


Q 


M 


2.     To  express  the  distance  between  two  points  in  terms  of  their 


coordinates : 


D=s/{x,-x,f  +  (y^-yif. 


3.     To  find  the  coordinates  of  the  point  half  way  between  two 
given  points: 

X  =■  ^{Xi  -\-  X2), 

y  =  i(2/i  +  2/2). 

*We  restrict  ourselves  here  to  rectangular  axes;  oblique  axes  are,  however, 
occasionally  useful. 
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4.  To  find  the  coordinates  of  a  point  P  on  the  line  through  two 
fixed  points,  and  such  that  its  distance  from  the  first  point  is  n 
times  the  distance  between  the  two  points  y 
(Pj'  =  nP;F,): 

X  =  Xi-\-n{x2  —  Xi), 

y=  yi-\-  niVi  —  t/i). 

Here  n  may  be  any  real  number  (positive,  negative,  or  zero). 

5.  To  find  the  slope  of  a  line  through  two  given  points: 

m  =  tan  (b  =  ^ ^. 

Xo  —  Xi 

The  angle  cjy  is  called  the  inclination 
of  the  line;  tan  (f)  is  the  slope. 

6.  If  two  lines  are  parallel,  their  slopes  are  equal :  mi  =  m^ 

y 


If  two  lines  are  perpendicular, 
the  product  of  their  slopes  is  minus  one  : 
WiWa  =  — 1 . 


7.  To  express  ihe  areas  of  triangles  and  polygons  in  terms  of  the 
coordinates  of  the  vertices,  consider  the  trapezoids  formed  by  the 
ordinates  drawn  to  the  vertices, 

8.  In  any  problem  involving  an  unknown  point,  remember  that 
two  conditions  are  necessary  to  determine  the  coordinates  of  the  point 
(simultaneous  equations  in  two  unknown  quantities). 


CHAPTER  n. 

THE   STRAIGHT   LIXE :  EQUATIONS    OF    THE    FORM   Ax  4-  Bl/  -^  C  =z  0 . 

9.  We  have  seen  that  if  two  conditions  are  imposed  on  x  and  y, 
the  position  of  the  point  (x,  y)  is  wholly  determined.  If  only  one 
condition  is  imposed,  the  position  of  the  point  is  only  partially 
restricted.     (Examples:  x  ■=z  o.  tt  -\-  1/  ^=  25,  et€.) 

The  collection  of  all  points  which  satisfy  a  given  condition  im- 
posed on  X  and  y  is  called  the  locus  of  that  condition;  and  the  con- 
dition itseK,  expressed  in  algebraic  language,  is  called  the  equation 
of  the  locus.  Thus,  the  equation  of  a  straight  line  is  the  algebraic 
expression  of  the  condition  which  x  and  y  must  satisfy  in  order  that 
the  point  (x,  y)  shall  he  on  the  line;  in  other  words,  the  equation  of 
a  line  is  an  equation  which  is  true  when  the  coordinates  of  any  point 
on  the  line  are  substituted  for  x  and  y,  and  false  when  the  coordinates 
of  any  point  off  the  line  are  substittUed  for  x  and  y;  and  so  in  general 
for  the  equation  of  any  locus. 

10.  To  find  the  coordinates  of  the  points  of  intersection  of 
two  loci  whose  equations  are  given,  we  have  simply  to  find  the 
pairs  of  values  of  x  and  y  (if  any)  which  satisfy  both  the  equations 
at  once  (simultaneous  equations  in  x  and  y). 

11.  To  find  the  equation  of  a  line  (not  perpendicular  to  either 
axis),  when  its  slope,  m,  and  the  coordinates  of 
one  of  its  points  (xi,  3/1),  care  given: 

y  —  y\=  m{x  —  Xi). 
The  equation  of  a  line  perpendicular  to 
the  X-axis   (or  the  i/-axis)   is,  by  inspection, 
X  =  a  (or  y  =  6). 

The  equation  of  any  strai^t  line  is  of  the  form  Ax  +  By  +  C  =  0,  and 
the  locus  of  every  equation  of  the  form  Ax  +  By  +  C  =  0  isa  straight  line. 
Hence,  to  plot  the  locus  erf  such  an  equation,  it  \s  sufficient  to  find  any  two  <rf 
its  points. 

12.  To  find  the  slope  of  a  line  whose  equation  is  given  (the  Une 
being  not  perpendicular  to  an  axis),  write  the  equation  in  the 
form  y=(  )  x -\-  {  );  then  the  coefficient  of  x  wiU  be  the  slope. 
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13.  To  find  the  equation  of  a  line  parallel  or  perpendicular  to  a 
given  line  and  through  a  given  point,  remember  that  nii  ^  m<>  for 
parallel  lines,  and  Wim.,  =  —  1  for  perpendicular  lines  (see  §  6). 

Special  method:  if  the  given  line  is  Ax  -h  By  -{-  C  =  0,  then  the  parallel 
is  .4x  -i-  By  =:  k  and  the  perpendicular  is  Bx  —  Ay  =  K,  where  k  and  K  are  to 
be  determined. 

y 

14.  To  find  the  angle   6   between  two  lines 
whose  slopes  are  given: 

tan^z.   ,^f-^^\* 
I  -\-  vu  nil 

15.  To  find  the  distance  between  a  given  point  (xq,  yo),  and  a 
given  line: 

(a)  When  the  inclination  of  the  line, 
<f>,  and  the  coordinates  of  one  of  its 
points,  (xi.  yi),  are  given,  we  have 
from  the  figure : 

QPo=(xo  —xi)  sin  <t>—(yo—yi)  cos  <^, 

(&)   "WTien  the  equation  of  the  line  is 

given  in  the  form  Ax  -\-  By  -\-  C  =  0,  use  the  foUowing  formula  rf 
^^    Ax,  -\-Byo-\-C 
V'A^  +  B^ 
Here  the  vertical  bars  mean  ''  the  absolute  value  of." 


*  Proof:     Bv  trigonometry,  tan  (<h  —  4>i)  =    tan  cf>2  —  tan  0i  ^ 

1+  tan  02  tan  <f>i 

t  Proof:  Show  that  the  foot  of  the  perpendicular  from  Po  to  the  line 
Ax  +  By  +  C  =  0  has  the  coordinates  jj  =  xo  —  hA,  t/a  =  yo  —  hB  where 
h  =  (.4x0  +  5yo  +  O  /  (-1*  +  B*). 


CHAPTER  in. 

THE  CIRCLE :    EQUATIONS    OF  THE  FORM  JT  +  JT  +-Dx  -{-  Ey  -\-  F  =  0. 

16.  The  equation  of  a  circle  is  the  algebraic  expression  of  the 
condition  which  x  and  y  must  satisfy  in  order  that  the  point  (x,y) 
shall  He  on  the  circle  (see  §  9  and  §  10). 


W 


17.  To  find  the  equation  of  a  circle  when  its  radius,  r,  and  the 
coordinates  (a,  ,5)  of  its  centre  are  given: 

(x-«)^+(y-^*)'  =  r. 

When  the  centre  is  at  the  origin  (0,  0),  this 
equation  becomes 

jr  -\-  y^  =  r-. 

18.  The  equation  of  any  circle  is  of  the  form  T'  +  y'  +  ^x  +  £'y  +  F=0. 
Conversely,  everj-  equation  of  the  form  x^  +  y^  -\-  Dx  -\-  Ey  +  F  =0  can  be  re- 
duced to  the  form  (x  +  ^)■  +  (y  +  ^f  =  \{iy  +  £?  —  4F),  and  therefore  rep. 

resents  a  circle  with  centre  at  (—  D/2,  —  E/2),  or  a  single  point,  or  no  locus,  ac- 
cording as  IP  +  E?  —  -LF  is  positive,  zero,  or  negative.  When  we  say,  in  brief, 
that  the  locus  of  any  equation  of  the  form  x^  -{•  y^  +  Dx  -{•  Ey  -{-  F  =Ois& 
"circle,"  we  must  imderstand  that  the  "circle"  may  be  "real,"  "null,"  or 
"imaginan.'." 

19.  To  find  the  centre  and  radius  of  a  circle  whose  equation  is 
given,  do  not  use  a  formula,  but  "complete  the  squares"  of  the  terms 
in  X  and  y  in  each  case,  and  compare  with  the  standard  equation  in 
the  manner  just  indicated. 

20.  In  problems  concerning  tangents  to  a  circle,  use  the  fact  that 
the  tangent  is  perpendicular  to  the  radius  drawn  to  the  point  of  con- 
tact. 
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CHAPTER  IV. 

THE   PARABOLA :    If  =  2px. 

21.    Definition:    The  locus  of  a  point  which  moves  so  that 

its  distance  from  a  fixed  point  

its  distance  from  a  fixed  line 


=  1 


is  ctilled  a  parabola. 

The  fixed  point  is  called  the  focus  and  the  fixed  line  the  directrix. 
The  line  perpendicular  to  the  directrix 
through  the  focus  is  called  the  principal 
axis.  There  is  evidently  only  one  point 
of  the  principal  axis  which  is  also  a  point 
of  the  curve,  namely  the  point  half  way 
between  the  focus  and  the  directrix;  this 
point  is  called  the  vertex. 

22.  If  we  take  the  vertex  as  the  ori- 
gin and  the  principal  axis  as  the  axis  of  x, 
the  equation  of  the  parabola  is 

y"  =  2px, 

where  p  =  the  distance  between  focus  and 
directrix.* 

23.  The  form  of  the  curve  is  therefore  that  shown  in  the 
figure,  t     Bj'  definition  PF  =z  PH  for  every  point  P  on  the  curve. 

The  breadth  of  the  curve  at  the  focus  is  called  the  latus  rectum, 
and  is  equal  to  2p. 

*  Proof:  If  (x,  y)  is  any  p>oint  on  the  curve,  then 

v/(^-ip)*  +  (y  — 0)»  =  J  +  ip. 

Many  British  authors  write  the  equation  in  the  form  y*  =s  4ax,  to  avoid 
fractions.  Other  writers  use  y'  ^  4px  for  the  same  purpose;  this  latter  form, 
however,  is  urifortunate,  since  2p  isa  fairly  well-established  notation  for  the  latiis 
rectum  in  each  of  the  conies. 

t  Thus  when  i  is  0,  y  is  0.  When  x  increases,  y  increases,  plus  and  minus; 
the  curve  is  symmetrical  with  respect  to  the  x-axis.  WTien  x  is  negative,  y  ia 
imaginary.    When  x  =  p/2,  y  ^  ±  p;  when  xss2p,  y  =  ±  2p. 
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24.     To  find  the  equation  of  a  tangent  to  the  parabola  y^=.  2px, 
use  one  of  the  following  formulas : 
(a)    When  the  point  of  contact,  (x^,  y^),  is  given  :* 

yiy  =  P(x  +  Xi) ; 
(h)     "When  the  slope,  m,  is  given:! 

P 


y  =z  mx  -\- 


2m 


Aline  perpendicular  to  a  tangent  at   the  point  of  contact  is 

called  a  normal. 

If  the  tangent  and  normal  at 

any    point   P   meet    the    principal 

axis  at  T  and  Nj  the  projections 

of  PT  and  PN  on  the  principal  axis 

are  called  the  suhtangent  and  sub- 
normal, respectively.     The  suhtan- 
gent is  bisected  by  the  vertex.    The 
subnormal  is  constant,  equal  to  the 

semi-latus  rectum,  p. 

25,  The  locus  of  the  middle  points  of  a 
set  of  parallel  chords  in  the  parabola  is  a 
straight  line  parallel  to  the  principal  axis;  such 
a  line  is  called  a  diameter.  In  the  parabola 
y'  =  2px,  if  the  slope  of  the  parallel  chords  is  m, 
then  the  equation  of  the  diameter  is  y  ■=.  p/m.X 

*  Proof:  Let  P2  =  {x\  +  /i,  yi  +  k)  be  a  second  point  on  the  curve,  near  Pi; 
then  the  slope  of  the  tangent  at  Pi  will  be  the  limit  of  k/h  as  P2  approaches  Pi 

along  the  curve,  namely  m  ^  p/Vi.     Then  use  §  11.     The  slope  of  the  curve  may 
also  be  found  by  the  general  method  of  the  differential  calculus. 

t  Proof :  Determine  ^3  so  that  the  line  y  =^  mx  +  jS  shall  have  only  one 
point  in  common  with  the  curve.  [Kemember  that  a  quadratic  equation 
.4x^4-Bx  +  C  =  0  win  have  equal  roots  if  B^  —  ■14C  =  0.] 

X  Proof:  Let  (Xq,  i/o)  be  any  point  of  the  required  locus;  find  the  points  of 
intersection  of  the  curve  and  a  line  through  (Xg,  y^)  with  slope  m;  then 
express  the  condition  that  {x^,  y^)  shall  be  the  middle  point  between  these  two 
points.  [Remember  that  the  sum  of  the  roots  of  a  quadratic  equation 
^x*  -I-  5x  4-  C  =  0  is  —  B/A.] 
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25a.  Among  the  many  properties  of  the  parabola  which  should  be  worked 
out  as  problems,  the  following  m&j  be  mentioned  as  especially  important,  and 
easy  to  remember: 


1.  The  normal  at  any  point  P  bisects  the  angle  formed 
by  the  line  from  P  to  the  focus  and  the  line  through  P 
parallel  to  the  principal  axis  (parabolic  mirror). 


2.  If  Pi,  Pj, . . .  are  any  points  on  a  parabola, 
the  distances  of  these  points  from  the  principal 
axis  are  proportional  to  the  squares  of  their  dis- 
tances from  the  tangent  at  the  vertex. 


3.  If  the  tangents  at  P  and  Q  inter- 
sect at  T,  and  if  M  is  the  middle  point  of 
the  chord  PQ,  then  the  line  through  T 
and  M  ia  a,  diameter,  and  the  segment 
TM  is  bisected  by  its  point  of  intersec- 
tion with  the  curve. 


4.  The  locus  of  the  foot  of  the  perpendicular  from  the 
focus  on  a  moving  tangent  is  the  tangent  at  the  vertex. 
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5.  The  locus  of   the  point   of   intersection   of   perpea- 
dicular  tangents  is  the  directrix. 


Note.     The  usual  methods  for  constructing  a  parabola  should  also  be  given. 


CHAPTER  Y. 
THE  ellipse:  6V  -|-  aV  =  a'6'. 

26.     Definition  :    The  locus  of  a  point  which  moves  so  that 

its  distance  from  a  fixed  point  _ 
its  distance  from  a  fixed  line 

(where  e  is  a  constant  less  than  1),  is  called  an  ellipse. 

The  fixed  point  is  called  the  foais,  the  fixed  line  the  directrix, 
and  the  constant,  e,  the  eccentricity.  The  fine  perpendicular  to  the 
directrix  through  the  focus  is  called  the  principal  axis.  There  are 
evidently  two  points  of  the  principal  axis  which  are  also  points  of 
the  curve;  these  two  points  are  called  the  vertices,  and  the  point  half 
wav  between  them  is  called  the  centre. 


27.     If  we  let  2a  =  the  distance 
between  the  vertices,  then  :* 


yp       c V' 


the  distance  between  the  centre  and  either  vertex  is  a ; 
the  distance  between  the  centre  and  the  focus  is  ae; 
the  distance  between  the  centre  and  the  directrix  is  a/e. 

28.     If  we  take  the  centre  as  the  origin  and  the  principal  axis 
as  the  sxis  of  x,  the  equation  of  the  ellipse  is 

^  +  ^=  1 
a         0 

where  h  is  an  abbreviation  for  a  V^l  —  e^.f     Xote  that  b  <  a. 

*  Proof:    Since  the  vertices,  V  and  T'',  are  points  of  the  curve,  VF/VD  =  e 
and  V'F/V'D  =  e:  that  is, 

a  —  CF  ^      a-\-CF 

CD^a  =  '     ^"^      T^TCD  =  '' 

whence  CF  =  ae  and  CD  =  a/e. 

t  Proof:  If  (x,  y)  is  any  point  on  the  curve,  then 

VU  +  gp'-f  (.V  — 0)^  _  ^_ 

X  +  - 

e 
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29.  The  form  of  the  curve  is  therefore  that  shown  in  the 
figure.*  The  right  triangle  enables  us  to  find  any  one  of  the  three 
quantities  a,  b,  and  e,  when  the  other 
two  are  given. 

The  sj-mmetr}'  of  the  equation 
shows  that  the  curve  might  equally 
well  have  been  obtained,  with  the  same 
eccentricity,  e,  from  a  second  focus  and 
directrix,  shown  on  the  right. 

The  breadth  of  the  curve  at  either 
focus  is  called  the  latus  rectum,  and  is 
equal  to  2a(l  — e^),  or  2br/a. 

30.  Let  P  be  any  point  of  the  eUipse,  F  and  F'  the  foci,  and  PH 
and  P^'the  perpendiculars  from  P  to  the  directrices;  then 

(a)  PF  PH  =  e   and  PF'  PH'  =  e. 

by  definition  of  the  cur\^e.     Further- 
more :t 


(&) 


PF  +  PF'  =  2a. 


In  fact,  the  elhpse  is  often  defined  as  the  locus  of  a  point  which 
moves  so  that  the  sum  of  its  distances  from  two  fixed  points  is  constant. 

31.  If  a  circle  be  described  upon  the  major  axis  of  an  ellipse 
as  diameter,  each  ordinate  in  the  eUipse  is  to 
the  corresponding  ordinate  in  the  circle  as  6  is 
to  a.X  In  fact,  the  elHpse  is  often  defined  as 
the  locus  of  points  dividing  the  ordinatcs  of  a  circle 
in  a  constant  ratio. 

From  this  property  it  follows  that  the  area  of 
an  ellipse  is  it  ah. 


*  Thus,  when  y  =  0,  j  =  ±  a;  -when  J  :=  0,  y  =  ±  b.  The  cur^-e  is  Evm- 
metrical  ^s-ith  respect  to  both  axes.  In  first  quadrant,  as  x  increases,  y  decreases 
(slowly  when  x  is  small,  and  rapidly  when  x  approaches  a). 

t  Proof:  PF  =  e{PH)  and  PF'  =  e{PH'),  so  that  PF  +  PF>  =  e{HH') 
=  e(2a/e)  =  2a. 

JProof:  In  the  ellipse,  y  =  -  ^a?  —  x^;\n  the  circle,  y  =  y/a^  —  ar*. 
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32. 


To  find  the  equation  of  a  tangent  to  the  ellipse  -^-\-  -~^  =.  1, 


use  one  of  the  follo^Ning  formulas  :* 

(a)   "WTien  the  point  of  contact,   (x^,  t/J,  is 

given : 

£l?  _L  M  —  1. 
^2   i-    52  -  A, 

(&)   "WTien  the  slope,  m,  is  given: 
y  =r  mx  =t  '^a^mr  -\-  b^. 

33.  The  locus  of  the  middle  points  of  a  set  of  parallel  chords 
in  the  eUipse  is  a  straight  line  through  the  centre;  such  a  line  is 

called  a  diameter.    In  the  ellipse  —  -I-  fr  =  1, 

a-       0- 

if  the  slope  of  the  parallel  chords  is  m,  then 

the  slope  of  the  diameter  is r—  .* 

a-m 

Any  two  lines  through   the  centre,  such 

that  the  product  of  their  slopes  is  —  h-/a~,  are 

called  a  pair   of  conjugate  diameters,  because 

each  bisects  all  chords  parallel  to  the  other. 

34.  The  circle  described  in  §  31  is  called  the  auxiliary  circle. 
If  P  is  any  point  on  the  eUipse,  and   Q   the 

corresponding  point  on  the  auxiliary  circle 
(see  figure),  then  the  angle  <f>  which  CQ  makes 
with  the  axis  is  called  the  eccentric  angle  of 
the  point  P.     From  the  figure,  and  §  31, 

X  =:  a  cos<f)    and    y  ^=  b  sin<^, 

where  x,  y  are  the  coordinates  of  P. 

The  eccentric  angles  of  the  ends  of  two  conjugate  diameters 
differ  by  90°. 

*  Proof  as  in  the  case  of  the  parabola. 
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34£k.    Among  the  many  properties  of  the  ellipse  that  shoold  be  worked 

out  as  problems,  the  following  are  especially  easy  to  remember: 


1.  The    normal    at   any   point   P   bisects   the    angle 
formed  by  the  lines  joining  P  with  the  foci. 


2.  The  locus  of  the  foot  of  the  perpendicular  from 
the  focus  on  a  moving  tangent  is  the  circle  on  the  major 
axis  as  diameter. 


3.  The  locus  of  the  point  of  intersection  of  per- 
pendicular tangents  is  a  circle  with  radius  v'a'  +  6'. 


4.  The  area  of  a  paraDeh^ram  bounded  by  tan- 
gents parallel  to  conjugate  diameters  is  constant. 


Note.     The  usual  methods  for  constructing  an  ellipse  should  also  be  giren. 


CHAPTER  VI. 
THE  HYPERBOLA  :   6V  —  ahf  =.  a^b\ 

35.    Definition:    The  locus  of  a  point  which  moves  so  that 
its  distance  from  a  fixed  point 


its  distance  from  a  fixed  Une 


=  e>l 


(where  e  is  a  constant  greater  than  1),  is  called  a  hyperbola. 

The  fixed  point  is  called  the  focus,  the  fixed  line  the  directrix, 
and  the  constant,  e,  the  eccentricity.  The  line  perpendicular  to  the 
directrix  through  the  focus  is  called  the  principal  axis.  There  are 
evidently  two  points  of  the  principal  axis  which  are  also  points  of 
the  curve;  these  two  points  are  called  the  vertices,  and  the  point 
half  way  between  them  is  called  the  centre. 


36.     If   we    let    2a  =  the    distance 


between  the  vertices,  then:*  K— -a-— >k— ot-- 

the  distance  between  the  centre  and  either  vertex  is  a; 
the  distance  between  the  centre    and  the  ]ocus  is  ae; 
the  distance  between  the  centre  and  the  directrix  is  aje. 

37.     If  we  take  the  centre  as  the  origin  and  the  principal  axis 
as  the  axis  of  x,  the  equation  of  the  hyperbola  is 

t  ^yl  —  ^ 

a"^       b'  ~    ' 

where  b  is  an  abbreviation    for  aV'e^  —  l.f     Note  that  b  may  be 
greater  or  less  than  a,  or  equal  to  a. 

*  Proof:  Since  the  vertices,  V  and  V,  are  points  of  the  curve,  VF/VD  =  9 
and  V'F/V'D  =  e;  that  is, 

CF  —  a  ^      a-hCF 

TTp:  =  e      and      — t—ftf,  =  «» 

o  —  CD  a  -j-  CD         ' 

whence  CF  =  ae  and  CD  =  a/e. 

t  Proof:  If  (x,  y)  is  any  point  on  the  curve,  then 

V(x  -  aey  -Ky  -  0)'  ^  g^ 
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38.  The  form  of  the  curve  is  therefore  that  shown  in  the  figure.* 
The  two  lines  through  the  centre 
with  slopes  rb  b'a  are  called  the 
asymptotes  of  the  hyperbola:  the 
two  branches  of  the  cur\-e  ap- 
proach these  Unes  more  and  more 
nearh'  as  they  recede  from  the 
centre. t  The  right  triangle  enables 
us  to  find  any  one  of  the  three 
quantities,  a,  h.  and  f,  when  the 
other  two  are  given. 

The  SATumetr}'  of  the  equation 
shows  that  the  curA"e  might  equally 

well    have  been  obtained,  with   the   same   eccentricity,,  e, 
second  focus  and  directrix,  shown  on  the  left. 

The  breadth  of  the  curve  at  either  focus  is  called  the  lotus  rectum, 
and  is  equal  to  2a(r  —  1),  or  26^/a. 

39.  Let  P  be  any  point  of  the  h^-perbola.  F  and  F'  the  foci,  and 
PH   and    PH'  the     perpendiculars 
from  P  to  the  directrices;  then  \        |^_ 

{a.  PF  PH  =  e    Q^nd  PF'  PH'=e. 


from  a 


by  the   definition  of 
Furthermore  :i 


the 


cur\-e. 


(&) 


PF  —  PF'     =  2a. 


In  fact,  the  h}'perbola  is  often  defined  as  the  locus  of  a  point 
uhich  moves  so  that  the  difference  of  its  distances  from  two  fixed  points 
is  constant. 


*  Thus,  -w-hen  y  =  0,  x  =  ±  a ;  when  x  =  0,  or  x  <  a,  y  is  imaginan.- ;  when  x 
increases  beyond  a,  y  increases,  plus  and  minus  (most  rapidly  when  x  is  little 
greater  than  a).     The  ctirve  is  symmetrical  with  respect  to  both  axes. 

b 


For,    the 


slope    -  =  -  -v  1 
^      X        a  \  X- 


-  approaches  —   as  x   increases;    more- 


over. Lf  'A  is  the  ordinate  of  any  point  on  the  curve,  and  yi  the  ordinate  of  the 
corresponding  point  on  the  asymptote,  then  the  difference  yt  —  yi  approaches 
zero :  for  ys*  —  yi'  =  t^,  and  therefore  y*  —  yi  =  6-/(2/2  +  yi). 

I  Proof:    PF  =  e(PE)  and  PF  =  e(PH'),  so  that  \PF  —  PF'\=  eiUW) 
=  e  {2a/ e)  =  2a. 
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40.  The  product  of  the  distances  from  any  point  of  a  hyperbola 
to  the  asymptotes  is  constant.  Hence,  the  hyperbola  is  often 
defined  as  the  locus  of  a  point  which 
moves  so  that  the  product  of  its  distances 
from  two  fixed  lines  is  constant.  (The 
distances  here  may  be  the  perpendicular 
distances;  or,  the  distance  to  each  line 
may  be  measured  parallel  to  the  other.) 

41.  An  important  special  case  is  that  of  the  ."rectangular" 
hyperbola,  whose   asymptotes  are  perpendicular 
(a  =  b) ;   the  equation  of   the  rectangular  hyper- 
bola referred  to  its  asymptotes  as  axes  is  (by  §  40) 


^  =  2 


42.  To  find  the  equation  of  a  tangent  to  the  hyperbola 
-3  —  ^=:  1,   use   one   of   the    following 

formulas  r" 

(a)  When  the  point  of  contact,  (Xj,  y^), 

is  given : 

XiX_yjy_ 

a'        b""  ~    ' 

(b)  "When  the  slope,  m,  is  given: 

y  =  mx  ±  ^a^m^  —  6'. 

43.  The  locus  of  the  middle  points  of  a  set  of  parallel  chords 
in  the  hyperbola  is  a  straight  line  through  the  centre;  such  a  line  is 
called    a    diameter.      In    the    hyperbola 

—  —  py^^  ^>^^  ^^6  slope  of  the  parallel 

chords  is  m,  the  slope  of  the  diameter 

will  be  4— 
a^m 

Any  two  lines  through  the  centre, 

such  that  the  product  of  their  slopes  is  62/^2^  are  called  a  pair  of 

conjugate  diameters,  because  each  bisects  all  chords  parallel  to  the 

other. 


*  Proof  as  in  the  case  of  the  parabola. 
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43a.  Among  the  properties  of  the  hyperbola,  the  following  are  easr  to 
remember : 


1.  If  a  line  cuts  the  hjrperbola  and  its  asTmptotes, 
the  parts  of  the  line  intercepted  between  the  curve  and 
the  asymptotes  are  equal.  In  particular,  the  portion 
of  any  tangent  intercepted  between  the  asymptotes 
is  bisected  by  the  point  of  tangency. 


2.  The  area  of  the  triangle  bounded  by  any  tan- 
gent and  the  asymptotes  is  constant. 


Note.     The   usual   methods    of   constructing   a    hyperbola- 
rectangular  hyperbola — should  be  given. 


sspecially   the 


CHAPTER  VII. 

TRAXSFORMATIOX   OF   COORDIXATES.* 

44.  The  equation  of  a  curve  can  often  be  simplified  by  a 
"  change  of  axes,"  either  changing  to  a  new  origin  (x^,  y^), 
or  turning  the  axes  through  an  angle  9,  or  both. 

If  (x,  !/),  {x',  !/'),  (x",  y"),  are  the  coordinates  of  the  same 
point  P,  referred  to  three  different  sets  of  axes,  as  in  the 
figures,  then 


f! 


I. '' 


-X 


x  =  x^-{-x' 


X  =  x"  cos  d  —  y"  sin  ^  t 

y  =  x"  sin  9  -f  y"  cos  d 


Suppose  now  that  the  point  P  is  allowed  to  move  under  cer- 
tain conditions  given  by  an  equation  in  x  and  y.  The  same 
condition  can  be  expressed  in  terms  of  x'  and  y'  or  in  terms 
of  x"  and  y"  by  substituting  in  the  given  equation  the  values 
of  X  and  y  just  found.  This  process  is  called  a  transforma- 
tion of  coordinates,  from  the  axes  x,  y  to  the  axes  x',  y',  or  to 
the  axes  x",  y" ;  and  the  new  equation  can  often  be  made  sim- 
pler than  the  given  equation  by  a  suitable  choice  of  x^  and 
Vo,  or  e. 


•  See  also  the  chapter  on  polar  co-ordinates, 
t  These  last  formulas  are  most  easily  remembered  as  follows : 
X  =  easterly  displacement  of  P, 
=  (easterly  component  of  x")  +  (easterly  component  of  y") 
=  x"  cos  e  —  y"  sin  e', 
y  =  northerly  displacement  of  P 
=  (northerly  component  of  x")  -\-  (northerly  component  of  y") 
=  x*  sin  tf  +  y"  cos  6. 
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CHAPTER  VIII. 

GEXEHAL  EQUATION  OF  THE  SECOND  DEGREE  IN  X  AND  J/. 

45.  The  general  equation  of  the  second  degree  in  x  and  y 
is  of  the  form 

Ax^  +  Bxy  J^  Cy^  -^  Dx  -\-  Ey  -\-  F  =  0. 

By  a  suitable  transformation  of  coordinates  this  equation  can 
always  be  brought  into  one  or  other  of  the  f oUowiug  forms : 

A'x--^C'y-^F'  =  Q,     C"y--^D"x  =  0,     C"y- -\- F"  =  0, 

and  hence  can  be  shown  to  represent  a  conic  section,  using 
this  term  in  a  general  sense  to  include  (1)  an  ellipse,  which 
mar  be  real,  null,  or  imaginary;  (2)  a  hyperbola,  or  a  pair 
of  intersecting  Lines ;  (3)  a  parabola,  or  a  pair  of  parallel  lines 
(distinct,  coincident,  or  imaginary).* 

The  student  should  be  able  to  plot  readily  the  locus  of  an 
equation  of  the  second  degree  in  any  of  the  simple  cases  men- 
tioned below — these  being  the  cases  which  occur  most  often 
in  practice. 

46.  To  plot  Ax^-  -}-Cy-  -\-F  =  0,  where  A  and  C  have  the 
same  sign.  Find  the  intercepts  on  the  axes  (by  putting 
x  =  0  and  y^O)  ;  if  both  are  real,  we  have  an  ellipse  in  which 
a  =  the  larger  of  the  two  intercepts,  and  h  ==  the  smaller ;  or 
if  J.  =  C,  the  ellipse  becomes  a  circle.  If  both  intercepts  are 
zero,  or  imaginary,  the  locus  is  a  single  point,  or  imaginary. 

*  Proof:  If  B'  —  4-4C  is  not  zero,  transform  to  parallel  axes  with 
origin  at  (xo,  Vo),  and  choose  x^  and  yo  so  that  the  terms  of  the  first 
degree  in  the  new  equation  shall  vanish;  then  turn  the  axes  through  an 
angle  6,  and  choose  6  so  that  the  term  in  Ty  shall  vanish.  If  B^  —  4lAC 
=  0,  turn  the  axes  through  an  angle  0,  and  choose  0  so  that  the  term  in 
ry  shall  vanish;  then  transform  to  a  new  origin  (Zo,  yo),  and  choose  i, 
and  y,  so  that  the  constant  term  and  one  of  the  terms  of  the  first  degree, 
or  so  that  both  the  terms  of  the  first  degree  shall  vanish.  For  special 
methods  of  abbreviating  the  computation  in  numerical  cases  see  §  55, 
note. 
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47.  To  plot  Ax^  -{.Cy^-{-F  =  0,  where  A  and  C  have  oppo- 
site signs.  Unless  i^  =  0,  one  of  the  intercepts  will  be  real 
and  the  other  imaginary,  and  the  curve  will  be  a  hyperbola 
whose  principal  axis  is  the  axis  on  which  the  intercepts  are 
real.  To  find  the  slopes  of  the  asymptotes,  divide  by  x-  and 
find  the  limit  of  y/x  as  x  increases  indefinitely.  If  i^  =  0,  the 
locus  is  a  pair  of  intersecting  lines. 

48.  To  plot  Cy^-\-Dx-\-F  =  0.    Write  this  as 

D/         F\  ,  D 


This  is  a  parabola  with  vertex  at  x^  =  —  F/D,  and  running 
out  along  the  positive  or  negative  axis  of  x.  Plotting  one  or 
two  points  will  fijs  the  direction,  and  comparison  with  the 
equation  y-  =  2px  \nl\  give  the  semi-latus  rectum,  p. 

49.  i:o^\otAx^  +  Cy^  +  Dx  +  Ey^F  =  0.  Write  this  in 
the  form 

and  "complete  the  squares";  then  reduce  to  the  form 
Ax'-  -\-  Cy'-  +  i^  ^  0  by  an  obvious  change  of  origin. 

50.  ToY)\otCtf-\-Dx-\-Ey-\-F  =  0.  Complete  the  square 
of  the  terms  in  y  and  reduce  to  the  form  Cy^  -\-  Dx  -\-  F  =  0 
by  an  obvious  change  of  origin. 

51.  To  plot  Bxy  -{-  F  =  0.  This  is  a  rectangular  hyberbola 
referred  to  its  asymptotes  (see  §41).  The  equation 
Bxy  -\-  Dx  -{-  Ey  -{-  F  =  0  can  be  reduced  to  this  form  by 
moving  the  origin  to  Xq  =  —  E/B,  i/o  =  —  D/B. 

52.  If  the  equation  to  be  plotted  does  not  come  under  any 
of  the  forms  just  considered,  a  fair  idea  of  the  position  of  the 
curve  may  be  found  by  the  following  very  elementary  method. 
Solving  the  equation  for  y  in  terms  of  x,  we  have,  if  C  is  not 
zero, 

where  X  is  an  expression  involving  x  alone.     Finding  the 
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values  of  —  {Bx  —  E]  2C,  and  adding  and  subtracting  the 
values  of  '\/X/2C,  for  various  values  of  x,  we  can  find  as 
many  points  (x,  y)  on  the  curve  as  we  please.  Or.  again, 
solving  for  x  in  terms  of  y,  we  have,  if  J.  is  not  zero, 

By  +  D        1      ,^ 

where  Y  is  an  expression  involving  y  alone.  From  this  equa- 
tion we  can  find  values  of  x  corresponding  to  as  manv  values 
of  y  as  we  please. 

This  method  is  very  easy  to  remember,  but  does  not  give 
readily  the  exact  dimensions  of  the  curve. 

53.  The  center  of  the  curve  will  be  the  point  of  intersection 
of  the  two  lines 

2Ax  +  By-}-D  =  0,  , 
Bx-\-2Cy-{-E  =  0, 

except  when  B- — iJLC  =  0,  in  which  case  these  lines  will  be 
parallel,  and  the  curve  has  no  center. 

54.  The  slopes  of  the  lines  joining  the  origin  with  the  infi- 
nitely distant  points  of  the  curve  (if  any)  are  given  by  writ- 
ing the  terms  of  the  second  degree  equal  to  zero : 

Ax'-Bxy-Cy"-  =  0, 

dividing  through  by  x-  (or  y-),  and  solving  for  y/x  (or  x/y). 

55.  If  a  more  detailed  discussion  of  the  curve  is  required, 
it  is  best  to  foUow  the  special  methods  of  reduction  given  in 
the  text-books   (compare  foot-note  in  §45)." 

56.  The  student  should  be  familiar  with  the  geometric 
proof  that  all  the  "  conic  sections  "  can  be  obtained  as  plane 

*  The    student    of    the    calculus    vrill    recognize    these    equations    as 

dF  ^x=:0     and     cF/ey  =  Q; 

where 

F{x,  y)  ^At"  —  Bxy  -^  Cy^ -^  Dx -^  Fy  -^  F  =  0 

is  the  equation  of  the  curve. 

t  The  resulting  formulae  axe  given  here  for  reference,  although  the 
problem  is  not  one  of  common  occurrence. 

Bequired,  to  plot  the  equation  Ax^  -r  Bxy  -~  Cy^  -{-  Dx  -^  Fy  -^  F  =  0. 
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sections  of  a  right  circular  cone.  It  is  a  profitable  exercise 
to  construct  a  cone,  given  the  vertex  and  a  hyperbolic  section. 
It  should  also  be  made  thoroughly  clear  why  an  elliptic  sec- 
tion is  a  symmetrical  figure  instead  of  egg-shaped. 

Case  I.  Central  conic.  If  B^  —  iAC  is  not  zero,  transform  to  the 
center  as  a  new  origin: 

x,=  (2CD  —  BE)/(B'—^C),  y,=  (2AE  —  BD)/(B*  —  ^C); 
then  turn  the  axes  through  a  positive  acute  angle  6  given  by 

tan  20  —  B/(A  —  C). 
The  transformed  equation  will  be 

A'x'  +  Cy  +  F'  =  0, 
where  F'  =  DtJ2  +  EyJ2  -f  F,  while  A'  and  C  are  found  by  solving 
the    equations   ^'  +  C'  =  ^-f-C,   A'  —  C'  =  ±l  V(^  — C)'4^^,   where 
the  sign  before  the  radical  is  to  be  -f-  or  —  acording  as  B  is  positive 
or  negative.     The  reduced  equation  can  be  plotted  as  in  §§46,  47. 

Case  II.  BaraboMc  type.  If  B'  —  ^AC  =  0,  the  equation  may  be 
written  in  the  form  (ax  +  cy)'  +  Dx  +  Ey  +  F  =  0,  where  a  ^  VA 
while  c=VC  or  c  =  —  VC  according  as  £  is  positive  or  negative.  The 
locus  will  be  of  the  parabolic  type.     Take  as  a  new  axis  of  x'  the  line 

ax  -\-  cy  +  m  =  0, 
where    Tn=  (aD -\- cE)/2(A -\- C),    and    choose    the    positive    direction 
along  this  line  so  that  it  shall  make  a  (positive  or  negative)  acute  angle 
with  the  axis  of  x.    This  line  will  be  the  principal  axis  of  the  curve. 
Two  subcases  may  now  occur. 

(a)  If  a/c  is  not  equal  to  D/E,  take  as  axis  of  y'  the  line 
ex  —  ay  +  n  =0, 
where  n=:(A  +  C)    (m' —  F) / (aE  —  cD) .     This  line  will  be  the  tan- 
gent at  the  vertex,  and  the  transformed  equation  will  be 

y''-  =  2px', 
where  2p=  (cD  —  aE)/\/(A  -fC)\     The  locus  is  a  true  parabola. 
(5)  If  a/c  =  D/E,  the  equation  referred  to  the  axis  of  x'  will  be 
y''=m^  —  F, 
which  represents  a   pair   of   distinct, ,  coincident,   or  imaginary  parallel 
lines. 


CHAPTER  IX. 


SYSTEMS   OF    CO>aCS. 


57.  If  TJ  and  Y  are  expressions  of  the  second  degree  in  x 
and  y,  the  equations  TJ  =  0  and  F  =  0  \dU  represent  conies; 
then  (a)  the  equation  JJ  -^-kY  ^=0,  where  k  is  any  constant, 
win  represent  another  conic  passing  through  all  the  points 
of  intersection  of  the  first  two,  and  having  no  other  points  in 
common  with  either  of  them:  and  (&)  the  equation  CF  =  0 
will  represent  a  curve  made  up  of  the  two  conies  Z7  =  0  and 
"T  =  0  taken  together.  Corresponding  theorems  hold  good  if  T 
and  Y  are  anv  expressions  in  x  and  y  (not  necessarily  of  the 
second  degree). 

58.  To  find  the  equation  of  a  conic  through  five  points,  let 
w  =  0  and  v  =  0  be  the  equations  of  the  lines  P^P^  and  P3P4, 
and  let  w'  =  0  and  v'  =  0  be  the  equations  of  the  lines  P^F^ 
and  P2P4.  Then  uv  -\-ku'v'  =  0,  where  k  is  any  constant, 
will  be  the  equation  of  a  conic  through  these  four  points.  It 
remains  to  determine  k  so  that  this  conic  shall  pass  through  Pj. 

59.  The  equation 


o^^]c  '   h'  +  h 

where  k  is  an  arbitrary  constant,  represents  a  family  of  con- 
focal  ellipses  and  hyperbolas,  which  intersect  at  right  angles. 
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CHAPTER  X. 

POLAR  COORDINATES. 

This  chapter,  placed  here  for  convenience  of  reference,  may 
well  be  introduced,  in  teaching,  much  earlier  in  the  course. 

60.  It  is  often  convenient  to  represent  the  position  of  a 
point  P  by  gi\ing  the  angle,  (f>,  which  the  line  through  0  and 
P  makes  with  the  x-axis,  and  the  distance,  r,  from  0  to  P  along 
this  line.  The  angle  <f>  is  called  the  vectorial  angle,  or  simply 
the  angle,  of  the  point  P,  and  is  measured  from  the  positive 
direction  of  the  axis  of  x  to  the  positive  direction  of  the  line 
through  0  and  P.  The  distance  r=OP  is  called  the  radius 
vector  of  the  point  P,  and  is  positive  or  negative  according  as 
it  runs  forward  or  backward  along  the  line  through  0  and  P. 

It  is  customary  to  take  r  positive,  and  let  ^  range  from  0° 
to  360°. 

61.  From  the  figure, 

x  =  r  cos  <^,     y  =  r  sin  </>, 

x^  -]-y-  =  r-,     y/x  =  tan  <f>. 

By  the  aid  of  these  relations,  we  can  trans- 
form any  equation  from  rectangular  to 
polar  coordinates,  and  vice  versa. 
62.  The  polar  equation  of  a  conic,  referred  to  the  focus  as 
origin,  and  the  principal  axis  as  axis  of  x 
(see  figure)  is 

P 


r  = 


1  —  e  cos  6  ' 


where  p  is  the  semi-latus  rectum,  and  e  the 

eccentricity. 

63.  Plotting  curves  in  polar  coordinates   is  an  excellent 

exercise  in  reviewing  the  trigonometric  functions.     The  work 

should  be  so  arranged  that  no  critical  value  of  the  function 

occurs  between  two  successive  assigned  values  of  6. 
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CHAPTER    XI. 
Coordinates  in  Space. 

64.  Four  methods  are  in  use  for  representing  numericaDy 
the  position  of  a  point  in  space.  If  Ox,  Oy,  Oz  are  three  mu- 
tually perpendicular  axes,  the  position  of  any  point  P  may 
be  determined  by : 

(1)  Eectangular  coordinates,  x,  y,  z; 

(2)  Polar  coordinates  in  space,  r,  a,  jg,  y,  where  the  angles 
a,  p,  y  are  subject  to  the  restriction  cos-  a.  -\-  cos-  ^  -\-  cos=  7  =  1; 

(3)  Spherical  coordinates,  r,  6,  6,  where  ^  =  the  latitude  of 
P,  and  6  its  longitude : 

(4)  Cylindrical  coordinates  p,  6,  z. 

The  relations  between  the  various  sets  of  coordinates  are  as 
follows : 


x-=r  cos  a, 
y  =  r  cos  ^, 
z  =r  cos y. 


x=r  cos  d)  cos  B 
y  =  r  cos  (p  sin  6 
z^r  sin  6 


p  =  r  cos  ^, 
p2  =  X-  4-  y-, 

x-  -\-y-  ^z-^ 


}". 


As  there  is  no  well-established  uniformity  in  the  use  of  the 
letters  in  spherical  coordinates,  or  in  the  choice  of  the  positive 
directions  along  the  axes,  it  is  important,  in  reading  any 
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author,  to  note,  on  a  figure,  the  exact  meanings  of  the  letters 
he  employs. 

65.  Distance  between  two  points,  in  terms  of  their  coordi- 
nates : 


PJ>,  =  yj{x,-  x,y  +  (1/,  -  y,y  +  {z,  -  z,y 


66.  Angle  i}/  between  two  lines  whose  direction  cosines  are 
given : 

cos  i/'  =  Ijlz  +  WliW-o  +  ^i^2> 

where  Z^  =  cos  a^,  m^  =  cos  fi^,  n^  =  cos  y^,  etc.* 
67.  Equation  of  a  plane: 

Ix  -\-  my  -{-  nz  =  p, 

where  p  =  perpendicular  distance  from 
the  origin,  and  I,  m,  w  =  the  direction 
cosines  of  the  normal  to  the  plane. t 

Every  equation  of  the  form 
Ax  -\-  By  -^  Cz  -\-  D  =  0  represents  a 
plane ;  for,  it  can  be  thrown  into  the  form 
Ix  +  tny  -\-nz  =  p  by  dividing  through  by  \/A^  -j-  jB^  +  ^^' 

•Proof:  let  (1)  and  (2)  be  lines  through  the  origin,  parallel  to  the 
given  lines;  on  these  lines  take  points  Pi,  P,  at  a  distance  r  from  the 
origin;  then 
P^Pj^  =  r^  +  H  —  2rr  cos  i/'=  (r?,  — Wj)-+  (rm,  —  rm:,y  -{-  (rrw  — m,)'. 

t  Proof:  The  foot  of  the  perpendicular  is  A' =  (pi,  pm,  pn)  ;  take  N' 
=:  (2pl,  2pm,  2pn)  and  express  the  condition  that  the  point  (x,  y,  z) 
shall  be  equidistant  from  0  and  N'. 
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68.  Equation  of  sphere  with  center  at  the  origin : 

x^  -f  2/'  4-2=  =  r^. 

69.  Equation  of  ellipsoid,  with  center  at  the  origin : 

70.  Any  equation  in  x,  y,  z  will  represent  a  surface  (real 
or  imaginary),  the  form  of  which  can  be  investigated  by  the 
method  of  plane  sections.  Thus,  putting  x  =  Xi,  the  equation 
becomes  an  equation  in  y  and  z,  which  represents  a  curve  in 
the  plane  x  =  x^:  similarly  for  y^  y^  and  z  =  z^. 

71.  Any  equation  of  the  second  degree  in  x,  y,  z  represents 
a  (real  or  imaginary)  surface  of  the  second  degree,  or  coni- 
coid.     The  types  of  real  conicoids  are  as  follows: 

(1)  Ellipsoid,  with  semi-axes  a,  h,  c.  Special  case:  ellip- 
soid of  revolution,  generated  by  rotating  an  ellipse  about  its 
major  axis  (prolate  spheroid)  or  about  its  minor  axis  (oblate 
spheroid). 

(2)  Hyperholoid  of  two  sheets.  Special  case:  generated 
by  rotating  a  hyperbola  about  its  principal  axis. 

(3)  Hyperholoid  of  one  sJieet,  or  ruled  hyperholoid.  Spe- 
cial case :  generated  by  rotating  a  hyperbola  about  its  conju- 
gate axis.  Two  sets  of  straight  lines  can  be  drawn  on  this 
surface. 

(4)  Elliptic  paraholoid.  Special  case:  generated  by  rotat- 
ing a  parabola  about  its  principal  axis. 

(5)  Hyperbolic  paraholoid,  or  ruled  paraholoid.  A  saddle- 
shaped  figure,  on  which  two  sets  of  straight  lines  can  be 
drawn. 

(6)  Cone,  generated  by  a  straight  line  always  passing 
through  a  fixed  point  called  the  vertex,  and  always  touching  a 
fixed  conic,  called  the  directrix.  If  the  directrix  is  a  circle, 
the  cone  is  a  circular  cone  (right  or  oblique).  If  the  vertex 
recedes  to  infinity.  tVie  cone  becomes  a  cylinder.  On  any  cone 
a  single  set  of  straight  lines  can  be  drawn. 

The  student  should  become  familiar  with  at  least  the  shapes 
of  these  surfaces,  through  diagrams  or  models. 

Any  plane  section  of  any  surface  of  the  second  degree  is  a 
conic. 


A  SYLLABUS  OF  DIFFERENTIAL  AND 
INTEGRAL  CALCULUS. 

This  syllabus  is  intended  to  include  those  facts  and  methods  of  the 
calculus  which  every  student  who  has  completed  an  elementary  course 
in  the  subject  should  have  so  firmly  &xed  in  his  memory  that  he  will 
never  think  of  looking  them  up  in  a  book.  The  topics  here  mentioned 
are  therefore  not  by  any  means  the  only  topics  that  should  be  included 
in  a  course  of  study,  nor  does  the  arrangement  of  these  topics,  as 
classified  in  the  following  table  of  contents,  necessarily  indicate  the 
order  in  which  they  should  be  presented  to  a  beginner. 
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derivatives. 
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determinate Forms. 
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part  II.    functions  of  two  or  more  variables.* 
*  In  preparation. 


CHAPTER     I. 

Functions  and  Their  Graphical  Representation. 

1.  Function  and  argument. — In  many  problems  in  prac- 
tical life  we  have  to  deal  with  the  relation  between  two  variable 
quantities,  one  of  which  depends  on  the  other  for  its  value. 

For  example,  the  temperature  of  a  fever  patient  depends  on  the  time; 
the  velocity  acquired  by  a  falling  body  depends  on  the  distance  fallen; 
the  weight  of  an  iron  ball  depends  on  its  diameter,  etc. 

In  general,  if  any  quantity  y  depends  on  another  quantity 
X,  then  y  is  called  a  function  of  x,  written,  for  brevity, 
y^f{x),  and  the  independent  variable  x  is  called  the  argu- 
ment of  the  function.  More  precisely  stated,  the  notation 
y  =  f(x)  means  that  to  every  value  of  the  argument  x  (within 
the  range  considered),  there  corresponds  some  definite  value 
of  the  function,  y ;  the  value  of  y,  or  f{x),  corresponding  to 
any  particular  value  a:  =  a  is  denoted  by  /(a). 

If  several  values  of  y  correspond  to  each  value  of  x,  we  have  what 
is  called  a  "multiple  valued  function  of  x,"  which  is  really  a  collection 
of  several  distinct  functions.  For  example,  if  y-  :=  x,  then  y  =  ±  Vx, 
which  ia  a  double  valued  function  of  x. 

Any  mathematical  expression  involving  a  variable  x  is  a 
function  of  x ;  but  there  are  many  important  functional  rela- 
tions which  cannot  be  expressed  in  any  simple  mathematical 
form. 

2.  A  function  is  said  to  be  tabulated  when  values  of  the 
argument  (as  many  as  we  please,  preferably  at  regular  inter- 
vals) are  set  down  in  one  column,  and  the  corresponding 
values  of  the  function  are  set  dovm  in  another  column,  op- 
posite the  first.  For  example,  in  a  table  of  sines,  the  angle 
is  the  argument,  and  the  sine  of  the  angle  is  the  function. 

3.  A  function  may  also  be  exhibited  graphically,  as  follows : 
Lay  off  the  values  of  the  argument  as  abscissas  along  a  (hori- 
zontal) axis.  Ox,  and  at  each  point  of  the  axis  erect  an  ordi- 
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nate.  y,  whose  length  shall  indicate  the  value  of  the  function 
at  that  point;  a  curve  drawn  through  the  tops  of  these  ordi- 
nates  is  called  the  curve,  or  the  graph,  of  the  function.  It 
should  be  clearly  understood,  however,  that  it  is  the  height  of 
the  ordinate  up  to  the  curve,  rather  than  the  curve  itself,  that 
represents  the  function. 

In  plotting  the  curve  for  any  function,  it  is  important  to 
indicate  on  each  axis  the  scale  which  is  used  on  that  axis,  and 
the  name  of  the  unit.  For  example,  if  we  plot  distance  as 
a  function  of  the  time,  the  units  on  the  y-axis  may  represent 
feet,  and  those  on  the  x-axis,  seconds.* 

The  obvious  method  of  obtaining  the  graph  of  the  stun  or  difference  of 
two  functions  directly  from  the  graphs  of  those  functions  should  be 
noted. 

4.  The  elementary  mathematical  functions. — In  many  im- 
portant cases,  the  relation  between  the  function  and  the  argu- 
ment can  be  expressed  by  a  simple  mathematical  formula. 
For  example,  if  5  =  the  distance  fallen  from  rest  in  the  time  t, 
then  s  =^  igt'-  In  such  cases,  the  value  of  the  function  for 
any  given  value  of  the  argument  can  be  found  by  simple  sub- 
stitution in  the  formula. 

The  most  important  elementary  mathematical  functions  are 
the  following: 

Algebraic  functions:  ex,  c/x;  x-,  x^;  V^  {^  positive). 

Here  Vx  =  the  positive  value  of  y  for  which  y-  =  x. 

Trigonometric  functions:  sin  x,  cos  x,  tan  x  (x  in  radians). 

Exponeniial  function:  €'  (e^ 2.718  .  .  .). 

Logarithmic  function:  logf  x  {x  positive). 

The  student  should  be  thoroughly  familiar  with  the  curves 
of  each  of  these  functions,  so  as  to  be  able  to  sketch  them,  or 
visualize  them,  at  any  moment ;  many  of  the  essential  prop- 
erties of  the  functions  can  be  obtained  by  inspection  of  the 
curve. 

•  It  is  not  necessary  that  the  lengths  representing  the  tinits  of  x  and  y 
shall  be  equal;  scales  should  be  so  chosen  that  the  completed  graph  is  of 
convenient  size  to  fit  the  paper.  In  applications  to  geometry,  however 
(see  Chapter  TJ),  the  scales  must  be  equal. 
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He  should  also  be  familiar  with  the  formulas  necessary  for 
handling  expressions  involving  these  functions.  The  better 
drilled  the  student  is  in  this  formal  algebraic  work,  the  more 
rapid  progress  can  he  make  in  the  really  vital  parts  of  the  sub- 
ject. (See  chapters  of  this  report  on  algebra  and  trigo- 
nometry.) 

5.  Next  in  importance  are  the  following:  the  hyperbolic 
functions,  which  are  coming  more  and  more  into  use : 

sinh  X  =  ( e*  —  e-')  /2,    cosh  x  =  ( e^  -f  e-')  /2, 
tanh  X  =  (e*  —  e-^)/(e'  -f  e-*) ; 
the  inverse  trigonometric  functions: 

sin-^x  =  the  angle  between  —  7r/2  and  +7r/2  radians 

(inclusive)  whose  sine  is  x-* 
cos-^  X  =  the  angle  between  0  and  tt 

(inclusive)  whose  cosine  is  x; 
tan-^  X  =  the  angle  between  —  7r/2  and  -f  ■jr/2 

(inclusive)  whose  tangent  is  x; 
and  the  inverse  Jujperholic  functions: 

sinh"^  X  =  the  value  of  y  for  which  sinh  y  =  x; 
cosh-^x  =  the  positive  value  of  y  for  which  cosh  y  =  x; 
tanh-^  X  =  the  value  of  y  for  which  tanh  y  =  x. 

It  should  be  noticed  that  the  curves  for  the  inverse  functions 
can  be  obtained  from  the  curves  for  the  direct  functions  by 
rotating  the  plane  through  180°  about  the  line  bisecting  the 
first  quadrant. 

Formulas  for  the  hyperbolic  functions  resemble  those 
for  the  trigonometric  functions,  but  the  differences  are  so 

•  The  symbol  sin"'  x  is  often  defined  as  simply  ' '  the  angle  whose  sine 
is  «  ";  but  since  there  are  many  such  angles,  it  is  necessary  to  specify 
which  one  is  to  be  taken  as  "  the  "  angle,  if  the  symbol  is  to  have  any 
definite  meaning.  Thus,  if  sin  x  =  i,  x  may  equal  ir/6,  or  57r/6,  etc.; 
but  only  one  of  these  values,  namely  7r/6,  is  properly  denoted  by  the 
symbol  sin-'  *.  Similarly  for  cos"^  x  and  tan"'  x;  and  also  for  cosh-»  x, 
which  is  like  Vx  in  this  respect.  The  conventions  adopted  to  avoid  am- 
biguity may  be  readily  recalled  from  the  figure,  if  we  note  that  in  each 
case  the  complete  curve  consists  of  two  or  more  "branches,"  and  that 
that  one  is  taken  as  the  "principal  branch"  which  passes  through  the 
origin,  or  which  lies  nearest  the  origin  on  the  positive  side  of  the  x-axii 
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confusing  that  it  is  better  not  to  try  to  memorize  any  formulas 
for  the  hyperbolic  functions,  but  to  look  them  up  "whenever 
they  are  needed.  (The  list  in  B.  0.  Peirce's  Table  of  Integrals, 
for  example,  is  entirely  adequate.) 

6.  Continuity.  A  function  y  =  f{x)  is  said  to  be  continu- 
ous at  a  given  point  a:  =  a,  if  a  small  change  in  x  produces 
only  a  small  change  in  y;  or  more  precisely,  if  f{x)  always  ap- 
proaches /(a)  as  a  limit  when  x  approaches  a  in  any  manner. 

A  function  may  be  cZiscontinuous  at  a  given  point  in  three 
ways:  (1)  it  may  become  infinite  at  that  point,  as  y^l/x  at 
a;  =  0;  or  (2)  it  may  make  a  finite  jump,  as  y  =  iajr'^  (lA)  ^.t 
x  =  Q-*  or  (3)  the  limit  Jjfix)  may  fail  to  exist  because  of  the 

oscillation  of  the  function  in  the  neighborhood  of  x^a,  as 
i/  =  sin  1/x  at  x  =  0.  In  each  of  these  cases,  the  function  is, 
properly  speaking,  not  defined  at  the  point  in  question. 

A  good  example  of  a  discontinuous  function  is  the  velocity  of  a 
shadow  cast  by  a  moving  object  on  a  zig-zag  fence. 

In  what  follows,  we  shall  confine  our  attention  to  functions 
that  are  continuous,  or  that  have  only  isolated  points  of  dis- 
continuity. 

7.  To  find  a  mathematical  function  to  represent  an  em- 
pirically given  curve. — In  many  cases  the  form  of  the  func- 
tion is  given  only  empirically ;  that  is,  the  values  of  the  func- 
tion for  certain  special  values  of  the  argument  are  given  by 
experiment,  and  the  intermediate  values  are  not  accurately 


knowTi  (for  example,  the  temperature  of  a  fever  patient,  taken 
every  hour).  In  such  eases,  the  methods  of  the  calculus  are 
not  of  much  assistance,  unless  some  simple  mathematical  law 
can  be  found  which  represents  the  function  sufficiently  accu- 

*  This  function  approaches  ir/2  when  x  approaches  0  from  above,  and 
—  ir/2  when  x  approaches  0  from  below. 
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rately.*  This  problem  of  finding  a  mathematical  function 
whose  graph  shall  pass  through  a  series  of  empirically  given 
points  is  a  very  important  one,  which  is  much  neglected  in  the 
current  text-books.  The  complete  discussion  of  the  problem 
involves,  it  is  true,  the  theory  of  least  squares,  which  would 
undoubtedly  be  out  of  place  in  a  first  course  in  the  calculus ; 
but  an  elementary  treatment  of  the  problem  in  simple  cases 
would  be  very  desirable.f 

The  curves  which  are  most  likely  to  be  worth  trying,  in  any 
given  case,  are  these : 

y  =  a-\-bx  (straight  line) ; 

y  =  a -{- hx -{- ex-  (parabola); 

y  =  a-^c/{x-}-h)  (hyperbola); 

y  =  a  sin  (bx-^c)  (sine  curve)  ;  and 

y  =  ax'^. 

In  testing  this  last  cur%'e,  put  2/'  =  log  y,  a;'  =  log  x,  and 
a'  =  log  a,  and  see  whether  y'  and  x'  satisfy  the  straight  line 
relation  y' =  a' -\- mx' ;  the  use  of  "logarithmic  squared 
paper  "  greatly  facilitates  the  process. 

The  student  should  be  familiar  with  all  the  possible  forms 
of  these  curves,  for  various  values  of  the  constants  a,  b,  c, 
and  m. 


*  If  no  simple  law  can  be  found  to  represent  the  entire  curve,  it  is 
sometimes  possible  to  break  up  the  curve  into  parts,  and  find  a  separate 
law  for  each  part. 

t  Numerous  examples  may  be  found  in  John  Perry 's  ' '  Practical 
Mathematics,"  and  in  F.  M.  Saxelby's  "Practical  Mathematics" 
(Longmans,  1905). 


CHAPTER   II. 

Differentiation.     Rate  of  Change  of  a  Function. 

For  the  sake  of  clearness,  this  chapter  is  divided  into  four  parts, 
A,  B,  C,  D. 

A.    Definitions  and  Notation. 

8.  Rate  of  change  of  function;  slope  of  curve. — Given  a 

function,  y  =  f{x),  one  of  the  most  important  questions  we 

can  ask  about  it  is,  what  is  the  rate  of  change  of  the  function 

at  a  given  instant? 

For  example,  the  distance  of  a  railroad  train  from  the  starting  point 
is  a  function  of  the  time  elapsed,  and  we  may  ask,  what  is  the  rate  of 
change  of  this  distance?  The  answer  is,  so-and-so  many  miles  per  hour. 
Again,  the  volume  of  a  metal  sphere  is  a  function  of  the  temperature, 
and  we  may  ask,  what  is  the  rate  of  change  of  this  volume?  The  answer 
is,  so-and-so  many  cubic  inches  per  degree. 

If  the  graph  of  the  function  is  a  straight  line,  then  clearly 
the  rate  of  change  of  the  function  will  be  constant;  for,  at 


any  instant,  (change  in  2/) /(change  in  x)  =the  slope  of  the 

line. 

If  the  scales  along  x  and  y  are  the  same,  the  slope  of  the  line  =  tan  <p, 
where  ep  is  the  angle  which  the  line  makes  with  the  x  axis.  If  the 
scales  are  not  the  same,  the  slope  of  the  line  may  still  be  interpreted  as 
the  ratio  of  the  "side  opposite"  to  the  "side  adjacent"  in  the  triangle 
of  reference  for  <(>,  provided  each  side  is  measured  in  the  proper  units. 
For  example,  in  the  figure,  slope  =  7/3. 
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If  the  graph  is  not  a  straight  line,  the  meaning  of  "rate 
of  change"  at  a  given  instant  must  be  made  more  precise,  as 
follows:  Consider  a  particular  value,  x^x^;  give  x  an  arbi 
trary  change.  Ax,  and  compute  the  corresponding  change  in 
y,  namely,  Aj/^/C^o -f  Ax) — /(x,,).  Then  the  ratio  Ai//Ax 
may  be  called  the  average  rate  of  change  of  the  function  dur- 
ing the  interval  from  x  =  Xq  to  x  =  Xo  +  Ax.  (Geometrically, 
Ay /Ax  is  the  slope  of  the  secant  PQ  in  the  figure.)  Now  let  Ax 
approach  zero,  so  that  the  interval  in  question  closes  down 
about  the  point  x  =  Xo.  Then  the  ratio  Ay /Ax  will  in  general 
approach  a  definite  limit,  and  this  limit  is  called  the  actual 
rate  of  change  at  the  point  x^x^.  (Geometrically,  the  limit 
of  Ay /Ax  is  the  slope  of  the  tangent  at  P.*) 

9.  Derivatives.  The  rate  of  change  of  a  function  y==f{x) 
at  any  point,  or  the  slope  of  the  curve  at  that  point,  is  called 
the  derivative  of  the  function  at  that  point,  and  is  denoted  by 
/'(x),  ovD^y,  or  y'. 

The  notation  y  is  also  used,  but  only  when  the  independent 
variable  is  the  time. 

This  definition  of  the  derivative  of  a  function  as  the  limit 
of  Ay /Ax  is  the  fundamental  concept  of  the  differential  cal- 
culus. It  is  desirable  that  the  meaning  of  the  definition  be 
made  perfectly  clear,  by  numerous  and  varied  illustrations, 
before  any  formal  work  in  differentiation  is  taken  up. 

10.  Increments  and  Differentials. — The  value  Ax  is  called 
the  increment  given  to  x,  and  Ay  the  corresponding  increment 

•The  sense  in  which  the  tangent  line  is  the  "limit"  of  the  secant 
lines  should  be  made  thoroughly  clear.  First,  the  tangent  is  a  fixed 
line;  secondly,  the  secant  is  a  variable  line,  depending  on  the  value 
given  to  Ax  (that  is,  for  every  value  of  Aa;,  except  the  value  0,  there 
i?  a  corresponding  position  of  the  secant)  ;  thirdly,  the  angle  between  the 
tangent  and  the  secant  can  be  made  to  become  and  remain  as  small  as  we 
please  by  taking  Ax  sufficiently  small.  The  tangent  line  itself  does  not 
in  general  belong  to  the  series  of  secant  lines;  it  is  not  in  any  sense  the 
"last  one"  of  the  secants;  it  is  a  separate  line,  which  bears  a  special 
relation  to  the  series  of  secant  lines,  as  described.  The  student  may 
readily  convince  himself  that  the  tangent  is  the  only  line  through  F 
that  has  the  property  just  stated. 
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produced  in  y.  The  value  that  Ay  would  have  if  the  curve 
coincided  with  its  tangent  (see  figure)  is  called  the  differential 
of  y  and  is  denoted  by  dy. 


x.+Zlx 


In  case  of  the  independent  variable  x,  the  differential  of  x 
is,  by  definition,  the  same  as  the  increment :  dx  =  Ax. 

The  use  of  differentials  gives  us  a  new  notation  for  the  de- 
rivative, 

dy 


/'(^)  = 


dx 


Both  these  notations  are  in  common  use. 

Notice  that  At/  and  dy  are  both  variables  which  approach 
zero  when  we  make  Ax  approach  zero;  dy/dx  is  a  constant, 
equal  to  tan  </>;  Aj//Ax  is  a  variable,  approaching  tan  <^  as  a 
limit.    Hence  we  may  write : 


lim  ^  =  f  (X)  =  D,y  =  ^1  =  tan  c^ , 


AX 


and 


dy  =  f'(x)dx. 


These  relations  between  increments,  differentials,  and  deriva- 
tives should  be  thoroughly  mastered;  they  are  readily  recalled 
by  the  figure.  Note  especially  that  Ax  and  dx  are  quantities 
measured  in  the  same  unit  as  x;  and  Ai/  and  dy  in  the  same 
unit  as  y;  while  the  derivative,  dy/dx,  that  is,  the  slope,  is 
(in  general)  measured  in  a  compound  unit  (like  miles  per 
hour). 


CALCULUS.  249 

If  the  lengths  representing  the  units  of  x  and  y  are  not  equal,  the 
slope  of  the  curve,  or  tan  <p,  must  be  understood  in  the  generalized  sense 
explained  above. 

The  process  of  finding  the  derivative,  or  the  equivalent 
process  of  finding  the  differential  of  the  function  in  terms  of 
the  differential  of  the  argument,  is  called  differentiatioyi. 

11.  Higher  derivatives.  Since  the  slope  of  the  cun^e  varies, 
in  general,  from  point  to  point,  the  derivative,  f'{x),  is  itself 
a  function  of  x  (often  called  the  derived  function)  ;  the  de- 
rivative of  f'{x)  is  called  the  second  derivative  of  the  given 
function,  and  is  denoted  by  f"{x),  or  B^ry,  or  y"  (or  by  y  in 
case  the  independent  variable  is  the  time) ;  and  so  on  for  the 
higher  derivatives. 

It  is  also  easy  to  define  second,  third,  .  .  .  differentials,  but 
they  are  not  of  great  importance.  One  matter  of  notation, 
however,  should  be  carefully  noticed,  namely  that  d'^y/dx-  is 

commonly  used  to  denote  /"  (x),  that  is     ^^'- — -  ,  and  not 

ax 

as  one  might  expect  . 

(dxy 

As  an  example  where  the  distinction  is  important,  consider 
x^d  —  sin  &  and  y  =  l  —  cos  0, 
where  $  is  the  independent  variable. 
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B.     To  Find  the  Derivative  when  the  Function  is  Given. 

12.  Formal  work  in  differentiation.  The  student  should 
be  thoroughly  familiar  with  the  results  of  differentiating  all 
the  elementary  functions.  A  list  of  the  formulas  which  should 
be  memorized  is  given  below;  any  other  formulas  should  be 
worked  out  as  needed,  or  looked  up  in  a  book. 

To  establish  these  formulas,  first  prove  the  following  im- 
portant limits : 

,.      sin  Jw      ^            ,     ,.      1  —  cos /lit 
lim  — -, —  =  1,     and     Jim =  0, 

provided  u  is  in  radians  ;  and 

lim  (1  +  -V=e  =  2.718---;* 

and  hence  prove  the  formulas  for  differentiating  the  sine  and 
the  logarithm. 

The  proofs  of  the  other  formulas  present  no  difficulty. 


*  These  limits  having  been  established,  it  can  then  be  shown  that 

sin(w  +  '^''^) — sinw        t  ..     •  j-     j 

lim  ^^ — ■ :=  -7^  cos  u,  if  u  IS  measured  in  degrees, 

=  COS  u,  if  u  is  measured  in  radians ; 
lim  log("  +  Au)-log«  _   ^^3^3  . . . )  1    ij  the  base  is  10, 

Au=0  A«  -" 

=  -,  if  the  base  is  e  —  2.718  •  •  • . 

u 

The  reason  for  choosing  the  radian  as  the  unit  angle,  and  e  as  the  base 
of  the  "natural"  system  of  logarithms  is  the  simplification  in  the 
formulas  for  the  derivatives  of  the  sine  and  the  logarithm  which  results 
from  this  choice. 
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Rules   for   Differentiating  the  Elementary  Functions 
OF  A  Single  Variable.* 

{The  first  four  of  these  rules  are  the  fundamental  ones,  from 
which  all  the  others  can  be  derived.) 


The  differential  of  a  constant  is  zero :  — 

dlc=^0. 

The  differential  of  the  logarithm  to  the  base  e  of  any  function 
is  one  over  that  function,  times  the  differential  of  the  function :  — 

d(\ogex)^ —  dx  (e=2.718...)- 

The  differential  of  the  sine  of  any  function  (in  radians)  is 
the  cosine  of  that  function,  times  the  differential  of  the  function : 

d{sm  x)  =  cos  X  dx. 

The  differential  of  the  sum  [or  difference]  of  two  functions 
is  the  differential  of  the  first  plus  [or  minus]  the  differential  of 
the  second :  — 

d(ii  ±  v)=  du  ±  dv. 


The  differential  of  a  constant  times  any  function  is  the  con- 
stant times  the  differential  of  the  function :  — 

d(kx)  =  k  dx.-\ 
The  differential  of  a  function  to  any  constant  power  is  the 
exponent  of  the  power,  times  the  function  to  the  power  one  less, 
times  the  differential  of  the  function :  — 

d{x^)  =  nx^-^dx. 

Useful  special  cases  of  this  rule  are:  — 

The  differential  of  e  with  a  variable  exponent  is  e  with  the 
same  exponent,  times  the  differential  of  the  exponent :  — 

d(ex)=e^dx  (<?  =  2.718. .  .)• 


•All  those  rules  remain  valid  when  the  word  "derivative"  ig  put  in 
pjace  of  "difTercntial,"  and  the  symbol  "D"  in  place  of  "d." 

t  To  prove  this  and  the  next  five  rules,  let  y  =  the  function,  and  take 
the  logarithm  of  both  sides  before  differentiating. 
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The  differential  of  the  product  of  two  funcnons  is  the  first 
times  the  differential  of  the  second,  plus  the  second  times  the 
differential  of  the  first :  — 

d{uv)=  u  dv  -f  V  du. 
The  differential  of  the  quotient  of  two  ftmctions  is  the  denomi- 
nator times  the  differential  of  the  numerator,  minus  the  numer- 
ator times  the  differential  of  the  denominator,  all  divided  by 
the  denopiinator  squared:  — 

ytiX  _  V  du  —  udv 


The  differential  of  the  cosine  of  anv  fimction  is  minus  the 
sine  of  that  function,  times  the  differential  of  the  ftinction :  — 
J(co5  x)=  —  sin  J"  dx* 
The  differential  of  the  tangent  of  any  fimction  is  the  secant- 
square  of  that  fimction,  times  the  differential  of  the  fimction :  — 
(f  (tan  J-)  =  sec^j;  dx.-\ 


The  differentials  of  the  inverse  sine,  the  inverse  cosine,  and 
the  inverse  tangent,  of  any  function,  are  given  by  the  following 
formulas,  which  the  student  may  put  into  words  for  himself :  — 

d{sin-^x)=  dx,X  (— i- ^  s^--j:  ^  l-r) 

r  1  —  z" 

d(COS-'  x)  = ^  dx,  (0  ^  C03-'ar  g  x) 

1    1  —  X* 

d(tan-^  X)  =  — ^  dx.  (—  ixs  tan-'x  g  ix) 

[To  find  the  differential  of  u  to  the  iih  power,  where  u  and  v 
are  any  functions,  let 

and  take  the  logarithm  to  base  e  of  both  sides  before  differ- 
entiating.—  Similarly,  to  find  the  differential  of  the  logarithm  of 
u  to  any  base  v,  let 

y  =  log^u,  whence  v^  =  u; 
then  differentiate  both  sides.] 

*PTOof:   cosJ-^rsin  (ir  —  x).  tProof:   tan x  =  sin x/eos x. 

t  Proof:  Let    t/  =  sin-^x,   that   is,"^  sin  y  =  x ;    then    differentiate   both 
sides. — Similarlv  for  the  next  two  formulas. 
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The  rules  on  these  two  pages  suffice  far  the  differentiation  of 
any  elementary  function;  they  should  be  carefully  memorized. 
The  differentials  of  the  hyperbolic  functions  are  given  by 
the  following  formulas,  which  are  also  worth  remembering : 

d  sinh  X  =  cosh  xdx;     d  cosh  x  =  sinh  x  dx ; 
d  tanh  j:  =  sech-  xdx; 
hence, 

dsinh~'x— =,  d  cosh~^  a;=    , = ,  dtanh~*x: 


13.  Differentiation  of  implicit  functions,  and  of  functions 
expressed  in  terms  of  a  parameter. 

(a)  Suppose  we  have  an  equation  connecting  x  and  y,  but 
not  giving  y  explicitly  as  a  function  of  x;  as,  for  example, 
9x*  +  4t/-  =  36.  In  finding  dy/dx  in  cases  of  this  kind,  in- 
stead of  first  solving  the  equation  for  y  in  terms  of  x,  and  then 
differentiating,  it  is  usually  better  to  differentiate  the  equation 
through  as  it  stands  (remembering  that  both  x  and  y  are 
variables) ;  thus,  in  the  present  example  we  have 

ISxdx  -\-  8ydy  =  0,  whence,  dy/dx  =  —  9jr/4?/. 

Tliis  result  can  then,  if  desired,  be  expressed  wholly  in  terms 
of  X,  by  aid  of  the  original  equation. 

(b)  Again,  suppose  y  is  given  as  a  function  of  u  and  v, 
where  u  and  v  are  both  functions  of  x;  as,  for  example, 
y  =  u-  -\-v  sin  u.  Differentiating  both  sides  by  the  regular 
rules,  we  have  dy  =  2udu  +  v  cos  u  du  -{-sin  u  dv,  whence, 
collecting  the  terms  in  du  and  dv,  and  dividing  by  dx, 

,    =  (2u  +  V  cos  u)  -,-  +  (sm  u)  -y-  . 
dx  dx  ^  dx 

This  result  shows  how  the  rate  of  change  of  y  depends  on  the 
rates  of  change  of  u  and  v,  which  are  supposed  to  be  known. 

(c)  Finally,  both  x  and  y  may  be  given  as  functions  of  a 
third  variable,  t ;  &s,  x  =  F{t),  y  =  f{t).  To  every  value  of 
this  auxiliary  variable,  or  "parameter,"  t,  there  corresponds 
a  pair  of  values  of  x  and  y,  so  that  here  again  y  is  indirectly 
determined  as  a  function  of  x.    Of  course  if  we  can  eliminate  t 
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we  shall  have  a  single  equation  connecting  x  and  y ;  but  it  is 
often  more  convenient  to  lieey  the  equations  in  the  parameter 
form.  Thus,  to  find  dy/dx,  we  have  merely  to  differentiate 
both  of  the  given  equations:  dx  =  F'{t)dt,  dy  =  f'{t)dt;  and 
then  divide  the  second  result  by  the  first :  dy/dx  =  f'{t)/F'  (t) . 

C.     To  FiXD  THE  Derivative  vthex  the  Function  Itself  is 
NOT  Gb'en  ;  Setting  up  a  Differential  Equation. 

14.  In  many  cases  it  is  required  to  find  the  rate  of  change 
of  a  function  when  the  function  itself  is  not  directly  given; 
in  fact  it  is  often  easier  to  find  the  derivative  of  a  function 
than  it  is  to  find  the  function  itself. 

For  example,  a  hemispherical  bowl  of  radius  r,  full  of 
water,  is  being  emptied  through  a  hole  in  the  bottom ,:  find  the 
rate  of  change  of  the  volume  of  water  drawn  off,  regarded  as  a 
function  of  the  distance,  y,  between  the  level  of  the  water  and 
the  center  of  the  bowl.  To  compute  this  value  directly  from 
the  definition,  we  notice  first  that  the  increment  AT  produced 
in  T"  by  an  increment  A?/  given  to  y  will  have  a  value  between 
'rCr-  —  y-)^y  and  7r[r- — (?/ -j- Ayj^JAi/;  dividing  either  of 
these  values  by  Ay,  and  taking  the  limit  of  the  ratio  AF/At/, 
we  find  at  once  dy/dy  =  7r  (r-  —  t/-),  which  gives  the  re- 
quired value  of  dV/dy  for  any  value  of  y  from  y  =  0  to  y  =  r. 

This  process  of  finding  the  derivative  directly  from  first 
principles,  as  the  limit  of  the  ratio  of  the  increments,  when 
the  function  itself  is  not  given,  is  called  ''setting  up  a  dif- 
ferential equation,'"  since  the  result  of  the  process  is  an 
equation  between  the  differentials  of  the  function  and  of  the 
argument.* 

Every  problem  of  this  kind  is  a  problem  in  finding  the 
limit  of  the  ratio  of  two  variable  quantities,  each  of  which  is 
approaching  zero;  and  in  this  connection  the  following  theo- 
rems on  infinitesimals  are  extremely  useful,  if  not  indis- 
pensable. 

*  The  problem  of  finding  the  lelatioii  between  the  quantities  them- 
selves when  the  relation  between  their  differentials  is  known  will  be  dis- 
cussed in  the  next  chapter. 
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15,  Theorems  on  infinitesimals. 

Def.  Any  variable  quantity  that  approaches  0  as  a  limit  is 
called  an  mfinitesimal.  For  example,  Ax,  Ay,  dx,  dy,  are 
infinitesimals. 

The  erroneous  notion  that  an  infinitesimal  is  a  constant  quantity  which 
is  "smaller  than  any  other  quantity,  however  small,  and  yet  not  zero" 
should  be  carefully  avoided. 

Notation.  The  notation  lim  x^a,  or  x-^a  (read:  "x  ap- 
proaches a  as  a  limit  "),  means  that  a;  =  a  +  e,  where  c  is  a 
variable  approaching  zero.  Thus  a  statement  expressed  in 
terms  of  "lim"  or  **  -^  "  can  always  be  translated  into  an 
equation,  which  can  then  be  handled  by  the  ordinary  rules  of 
algebra.  The  symbol  -^  is  preferable  to  =  and  seems  likely  to 
replace  it. 

Def.  If  a  and  ^  are  infinitesimals,  and  lim  {a/^)  =0,  then 
a  is  said  to  be  an  infinitesimal  of  higher  order  than  p. 

For  example,  if  Am  =  e  .  Ar,  where  e  itself  approaches  0,  then  Au  is 
of  higher  order  than  Av.     Again,  1  —  cos  Atf  is  of  higher  order  than  A^. 

If  the  difference  between  two  infinitesimals  is  of  higher 
order  than  either,  then  their  ratio  approaches  1  as  a  limit ;  and 
conversely,  if  the  ratio  of  two  infinitesimals  approaches  1, 
then  their  difference  is  of  higher  order  than  either.  Two 
infinitesimals  having  this  relation  may  be  called  "  similar  " 
or  "  equivalent  "  infinitesimals. 

Important  examples  are  the  following :  a  convex  arc  of  a 
curve,  and  the  chord  of  that  arc,  are  ' '  similar  ' '  infinitesimals. 
Again,  sin  Ax  and  tan  Ax  are  both  * '  similar  ' '  to  Ax,  provided 
Ax  is  in  radians. 

First  Replacement  Theorem  for  Infinitesimals.  In 
finding  the  limit  of  the  ratio  of  two  infinitesimals,  either  of 
them  may  he  replaced  hy  a  "similar"  infinitesimal,  without 
affecting  the  value  of  the  limit. 

As  explained  above,  two  infinitesimals  are  "  similar  "  :  (1) 
if  the  difference  between  them  is  of  higher  order  than  either; 
or  (2)  if  the  limit  of  their  ratio  is  1.  (Sometimes  the  first  test 
is  more  convenient,  sometimes  the  second.) 
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This  theorem  frequently  enables  us  to  replace  a  complicated 
infinitesimal,  like  7r(r-|- Ar)-Ax,  by  a  simpler  one,  as  7rr-Ax; 
'but  it  justifies  this  replacement  only  in  the  case  expressly 
stated  in  the  hypothesis  of  the  theorem,  namely  the  case  in 
which  we  are  finding  the  limit  of  a  ratio*  (The  fallacy  that 
"infinitesimals  of  higher  order  can  always  be  neglected" 
should  be  carefully  guarded  against.) 

•  A  second  replacement  theorem  for  infinitesimala  will  be  given  in  the 
chapter  on  Definite  Integrals. 
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D.    Appucations  of  Differentiation  in  Studying  the 
Properties  of  a  Given  Function. 

16.  That  a  knowledge  of  differentiation  is  of  fundamental 
importance  in  studWng  the  variation  of  a  given  function  is 
evident  from  the  following  theorems. 

Let  the  given  function  be  !/  =  /(x). 

I.  The  value  of  the  derivative  at  any  point  shows  the  slope 
of  the  curve  at  that  point. 


Hence,  ♦'/  the  derivative  is  positive  at  any  point,  the  curve 
is  rising  at  that  point  (as  we  move  in  the  positive  direction 
along  the  axis)  ;  that  is,  the  function  is  increasing.  And  if 
the  derivative  is  negative  at  any  point,  the  curve  is  falling  at 
that  point;  that  is,  the  function  is  decreasing. 


y=/(x) 

y;\ 

> 

^    Y'/^'^^'^^j^ 

■-» 

^^^^^^t;^ 

■H 

^^^ 

** 

x: 

II.  If  the  second  derivative  is  positive  at  any  point,  the 
slope  is  increasing  at  that  point,  and  hence  the  curve  is  con- 
cave upward;  and  if  the  second  derivative  is  negative  at  any 
point,  the  slope  is  decreasing  at  that  point,  and  hence  the 
curve  is  concave  downward. 
17 
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A  point  where  the  concavity  changes  sign  is  called  a  point 
of  inflexion;  at  every  such  point,  the  second  derivative  is  zero.* 

17.  Maxima  and  minima. — The  application  to  problems  in 
maxima  and  minima  is  immediate.  In  seeking  the  largest  or 
smallest  value  of  a  given  function  in  a  given  interval,  "we  need 
consider  only  (1)  the  points  where  the  slope  is  zero;  (2)  the 
points  where  the  slope  is  infinite  (or  otherwise  discontinuous) ; 
and  (3)  the  end-points  of  the  interval;  for  among  these  points 
the  desired  point  will  certainly  be  found.  In  most  practical 
cases  it  will  be  a  point  where  the  slope  is  zero. 

The  conditions  of  the  problem  will  usually  show  clearly 
which  of  these  points,  if  any,  is  a  maximum  (or  a  minimum). 


^=/(x) 


34     5      i    1    S     n     IQ      U 


18.  Multiple  roots. — The  roots,  or  the  zeros,  of  a  function, 
are  the  values  of  the  argument  for  which  the  function  becomes 


3=/(W 


zero.  An  inspection  of  the  figure  will  show  that  any  value  of 
X  for  which  /(j)  and  /'(x)  are  both  zero  simultaneously,  will 
count  as  at  least  a  double  root. 

*  But   the   second   derivatiTe  mav  be   zero   at   points  which  ar©  not 
points  of  inflexion;  for  example.  t/  =  x*  at  i  =  0. 
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19.  Small  errors. — The  following  theorem  is  very  useful  in 
discussing  the  effect,  on  a  computed  value,  of  small  errors  in 
the  data : 

III.  If  dx  is  small,  dy  and  At/  are  nearly  equal. 

That  is,  the  difference  between  dy  and  Ay  can  be  made  as  small  as  we 
please,  in  comparison  with  dx,  by  making  dx  sufficiently  small  (except 
at  points  where  dy/dx  does  not  have  a  finite  value). 

Thus,  if  we  wish  to  find  approximately  the  error  At/  pro- 
duced by  a  small  error  in  x,  it  will  usually  be  sufficiently 
accurate  to  compute,  instead  of  At/,  the  simpler  value,  dy. 

In  problems  concerning  the  relative  error,  dy/y,  or  dx/x. 
it  is  often  convenient  to  take  the  logarithm  of  both  sides  of 
the  given  equation  y  =  f(x)  before  differentiating. 

This  class  of  problems  is  of  great  practical  value. 


CHAPTER  III. 

INTEGRATION    AS    THE    INVERSE    OF    DIFFERENTIATION.      SIMPLE 
DIFFERENTIAL  EQUATIONS. 

20.  In  many  problems  in  pure  and  applied  mathematics,  we 
have  given  the  derivative  [or  differential]  of  a  function,  and 
are  required  to  find  the  function  itself. 

Suppose  f(x)  [oT  f{x)dx]  is  the  given  derivative  [or  differ- 
ential] ;  it  is  required  to  find  a  function  F{x)  which,  when  dif- 
ferentiated, will  give  f{x)  [or  f{x)dx].  Clearly,  if  one  such 
function  F{x)  has  been  found,  then  any  function  of  the  form 
F(x)-\-C,  where  C  is  any  constant,  will  have  the  same 
property. 

Definition. — Any  function  F{x)  whose  differential  is 
f(x)dx  is  denoted  by 


ff(x)dx, 


read:  an  integral  of  f(x)dx.  The  process  of  finding  an  inte- 
gral of  a  function  is  called  integration,  or  the  inverse  of 
differentiation. 

li  F{x)  is  any  particular  integral  of  f(x)dx,  then  every 
integral  of  f{x)dx  can  be  expressed  in  the  form  F{x)  -{-C, 
where  C  is  a  constant,  called  the  constant  of  integration. 

It  can  be  shown  that  every  continuous  function  has  an  inte- 
gral; but  this  integral  may  not  (in  general,  will  not)  be  ex- 
pressible in  terms  of  the  elementary  functions.* 

Most  of  the  functions  that  occur  in  practice  can,  however, 
be  integrated  in  terms  of  elementary  functions,  by  the  aid  of 
a  table  of  integrals,  such  as  B.  0.  Peirce's  well-known  table 
of  integrals.  The  entries  in  such  a  table  can  be  verified  by 
differentiation. 

21.  Formal  work  in  integration. — The  time  devoted  to  the 
formal  work  of  integration  should  not  be  longer  than  is  nec- 

*  In  such  cases,  an  approximate  expression  for  the  integral  may  be 
obtained  by  infinite  series. 
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essary  to  give  the  student  a  reasonable  degree  of  expertness  in 
the  use  of  the  tables. 

The  following  integration  formulas  should  be  memorized; 
they  are  derived  immediately  from  the  corresponding  formulas 
for  differentiation. 

fcudx  =  c  Cudx  ;      C(xi  +  v  +  •  •  •  )dx  —  Cudx  +  j  vdx  +  •  •  • ; 

3fdx  — =-  (provided  n  4=  —  1)  ; 

n  +  1 

(in  words:  an  integral  of  any  function  raised  to  a  constant 
power,  ^  —  1,  times  the  differential  of  that  function,  is  equal 
to  the  function  raised  to  a  power  one  greater,  divided  by  the 
new  exponent)  ; 

I  — =log^x;  (  e'dx=e'; 

rein X dx  =— COB x;         Tcosxrfxsssinx;         i  sec^ x dx  =  tsin  x; 

/,  =  sin~^  X,  or  —  cos~'x  ;  I =  =  tan"'  x. 

The  constant  of  integration  must  be  supplied  in  each  case. 

A  large  number  of  integrals  can  be  brought  under  the  form 
fx"dx  by  a  simple  transformation.    For  example, 

/cos'  xdx  =  /cos^  xcosxdx  =  f{l  —  sin^  x)  cos  x  dx 
=  /cos  xdx  —  /sin^  x  cos  xdx=:  /cos  xdx  —  / (sin  x)  ^d (sin  x) 

=  sin  a;  —  (sin  x)  V3. 

Similarly  for  any  odd  power  of  the  sine  or  cosine. 

The  following  integrals  are  also  important,  though  it  is  not 
worth  while  to  memorize  them  when  a  table  is  at  hand : 

Csin' xdx  =  ^(x—8mxcosx);      j  co&^  xdx  =  ^(x-\-6in.xcosx); 

/dx        ,       ,       /ir      x\      ..       l  +  sina;      r  dx  x 

— —  =log.  tan  ( ^  +  „   =  Y log,  ——-. — ;    I    .       =log. tan    ; 
cos  a;        *"         \4       2/      ^     ^'l— sin  a:'  J  sin  a;         *='        2' 

j  sinh  xdx  =  cosh  x ;    j  cosh  xdx  =  sinh  x;     |  8ech'a;c?j;=  tanhx. 
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22.  Among  the  other  formulas  of  int^ratioii,  the  following 

are  perhaps  the  ones  that  occur  most  often  in  practice ;  they 
are  inserted  here  for  reference,  and  especially  to  Ulnstrate  the 
usefulness  of  the  hyperbolic  functions. 


/ 

/ 

/ 

/ 


— 7  =  -  tan 
j^       a 


X 

a' 

a  -\-  X 


dx      _  1 
a'—  3^  ~2a^^'a  —  x 


dx 


=  -  tanh" 
a 


1  X  —  a  1  X 

,  =  7^  loff  = coth  - , 

x"  —  a^       2a     *'  J-  4-  a  a  a 

dx 


W-x' 
dx 


=  sm^-.     or     =  —  cos    -, 


Vx*  +  af 


=  log,  (^+  ^■^  +  a^, 


dx 


\x^  —  a 
fW-x'dx=\ 

/ 


=  log.  (J^  -  \^  —  a'), 


or 


or 


=  sinh  ^  - , 
a 


=  cosh  *-, 
a 


X  ya' 


x^  -r  a'  sin' 


\x^  +  a*  dx  =  i[z  vx"  +  a*  -f  a'  log,  (-r  -f  y^  -r  o.'j'\ , 
or  =  I  Tx  v^T^'  +  a*  sinh-^  ^  1 , 

r  \ J-*  —  a'  dx  =  I  [x  >^—  a^—  a'  log,  (x  -f-  -sr  —  a';]  , 


1 

or  =  - 


X  sx^  —  a'  —  a*  cosh' 


i] 


23.  Methods  of  Inte^ation.  Among  the  methods  by  which 
a  given  integral  may  be  reduced  to  a  form  in  the  tables  (or 
an  integral  in  the  table  to  one  of  the  fundamental  forms),  the 
most  important  are  (1)  the  method  of  substitution  and  (2) 
the  method  of  integration  by  parts. 

In  the  method  of  substitution,  the  given  integral,  ff{x)dx, 
is  expressed  wholly  in  terms  of  some  new  variable  y  (and  dy), 
in  the  hope  that  the  new  integral  may  be  easier  to  handle  than 
the  old  one.  The  substitutions  which  are  most  likely  to  be 
useful  are  the  following: 
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(a)  y  =  any  part  of  the  given  expression  whose  differential 
occurs  as  a  factor;  t/  =  x*-';  y  =  l/x;  y  =  sinx;  y  =  cosx; 
i/  =  tan(x/2). 

(&)  x  =  a  sin  y,  or ^  a  tan  y,  or  =  a  sec  y,  in  expressions 
involving  \/a^  —  x-,  or  Vfl'  +  x^  or  y/x^ —  a\  respectively. 

But  much  can  be  done  without  formal  substitution  of  a  new 
letter,  if  one  remembers  that  the  "  x  "  in  the  formulas  of 
integration  may  stand  for  any  function. 

The  method  of  integration  by  parts  is  an  application  of  the 
formula 


rudv  =  uv —  Cvdu. 


Take  as  dv  a  part  of  the  given  expression  which  can  be 
readily  integrated ;  on  applying  the  formula,  the  new  integral 
may  be  simpler  than  the  old  one. 

The  student  should  be  practiced  in  both  of  these  methods. 

24.  Simple  differential  equations.  In  a  large  number  of 
problems  in  pure  and  applied  mathematics,  it  is  possible  to 
write  down  an  expression  involving  the  rate  of  change  of  a 
desired  function  more  readily  than  to  write  down  the  expres- 
sion for  the  function  itself.  (Compare  Chap.  II,  B.)  In 
other  words,  it  is  often  easier  to  write  down  a  relation  between 
the  differentials  of  two  variables  than  to  write  down  the  rela- 
tion between  the  variables  themselves.  Such  a  relation  con- 
necting the  differentials  of  two  or  more  quantities,  is  called  a 
differential  equation,  and  any  function  which  satisfies  the 
equation,  when  substituted  therein,  is  called  a  solution  of  the 
equation. 

Every  such  problem,  then,  breaks  up  into  two  parts:  (1) 
setting  up  the  differential  equation;  (2)  solving  that  equation. 

The  first  part  of  the  problem  has  already  been  treated  in 
Chap.  II,  B.  This  part  of  the  problem  is  too  apt  to  be  neg- 
lected in  elementary  courses;  there  is  scarcely  anything  that 
develops  real  appreciation  of  the  power  of  the  calculus  more 
effectively  than  practice  in  setting  up  for  one 's  self  the  differ- 
ential equations  for  various  physical  phenomena. 
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As  to  the  second  part  of  the  problem,  namely,  the  solu- 
tiofi  of  the  differential  equation,  the  general  plan  is  to  reduce 
the  given  equation,  bv  more  or  less  ingenious  devices,  to  the 
form  dy  =  f{x)dx,  or  y  =  }f{x)dx,  and  then  to  complete  the 
solution,  if  possible,  by  the  aid  of  a  table  of  integrals.  In  a 
technical  sense,  the  differential  equation  is  said  to  be  "solved" 
when  it  is  thus  reduced  to  a  simple  "quadrature" ;  that  is,  to  a 
single  integration. 

The  solution  of  a  differential  equation  of  the  nth  order,  that 
is,  an  equation  involving  the  nth  derivative,  will  contain  n 
arbitrary  const-ants ;  to  determine  these  constants,  n  conditions 
connecting  x,  y,  y'  .  .  .,  y'-"^  must  be  known  (the  "  initial  " 
or  "  auxiliary  "  conditions  of  the  problem). 

25.  The  general  discussion  of  differential  equations  is  too 
large  and  too  difficult  a  topic  to  find  a  place  in  a  first  course 
in  the  calculus,  but  two,  at  least,  of  the  simpler  equations  are 
so  important  that  their  solution  should  be  given,  as  an  exercise 
in  integration. 

These  equations  are  the  following: 

(1)  ^4-/ry  =  0.  where  t/  =  ^. 

The  solution  is 

i/  =  CiSin  (nf -f  C.)   or,  y  =  C^sinnt  -{-  C^eosnt, 

where  the  C's  are  arbitrary  constants. 

(2)  ^-nV  =  0,  where  y'  =  ^. 
The  solution  is 

y  =  C,  sinh  (nt  -f  C,),  or,  y  =  C-e-*  -f  C,e-^*, 

where  the  C's  are  arbitrary  constants. 

The  method  of  obtaining  these  results,  rather  than  the  re- 
sults themselves,  should  be  remembered:  namely,  multiply 
through  by  dy,  noting  that  dy  dt  =  y',  and  integrate  each  term, 
getting  hj'^  —  -^n-y-  =  C ;  then  replace  y'  by  dy/dt,  "separate 
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the  variables,"  and  integrate  again.  By  a  similar  method,  any 
equation  of  the  form  dy'/dt  -f-  f{y)  =  0  can  be  solved,  if  we 
can  integrate  f{y)dy. 

26.  Another  very  important  differential   equation  is   the 
equation  for  *  *  damped  vibration  ' '  : 

^^;  +  2.|+..,  =  0,  where,  =  1 

The  solution  is  given  here  for  reference : 


Case  1.  If  a^  — &2  >  0,  let  w  =  V^'  — &';  then 
2/ =  (7^6-6*  sin  (m^  +  C2) , 
or  1/=  [Cgsin  (mO  -{-C^aos  {mt)'\e-^*. 
Case  2.    If  a''  —  l^  =  0, 


Case  3.    If  a^  —  &2  <  0,  let  n  =  yjh^  —  a^ ;  then 


CHAPTER   lY. 

INTEGRATION   AS   THE   LIMIT    OF   A   SUM.      DEFINITE   INTEGRALS. 

27.  The  limit  of  a  sum.  Many  problems  in  pure  and  ap- 
plied mathematics  can  be  brought  under  the  following  general 
form: 

Given,  a  continuous  function,  y  =  f(x),  from  x  =  a  to 
x  =  h.  Divide  the  interval  from  x  =  a  to  x  =  i  into  n  equal 
parts,  of  length  Ax=(&  —  a)/n*  Let  x^,Xo,Xz,  .  .  .  Xn  he 
values  of  x,  one  in  each  interval;  take  the  value  of  the  func- 
tion at  each  of  these  points,  and  multiply  hy  Ax;  then  form 
the  sum: 

/(xjAX  +  /(iCjAxH \-fiXn)^X. 

Required,  the  limit  of  this  sum,  as  n  increases  indefinitely, 
and  Ax  ^  0. 

This  problem  may  be  interpreted  geometrically  as  the  prob- 
lem of  finding  the  area  under  the  curve  y  =  f{x),  between  the 
ordinates  x  =  a  and  x  =  h;  each  term  of  the  sum  represents 


the  area  of  a  rectangle  whose  base  is  Ax  and  whose  altitude  is 
the  height  of  the  curve  at  one  of  the  points  selected.  It  is 
easily  seen  that  the  difference  between  the  sum  of  the  rec- 
tangles and  the  area  of  the  curve  is  less  than  a  rectangle 

*  It  is  not  necessary  that  the  parts  be  equal,  provided  the  largest  of 
them  approaches  zero  when  n  is  made  to  increase  indefinitely. 
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whose  base  is  Ax  and  -whose  altitude  is  constant.  This  dif- 
ference approaches  zero  as  Ax=^0;  therefore  the  sum  of  the 
rectangles  approaches  the  area  of  the  curve  as  a  limit. 

In  this  way,  or  by  an  analytic  proof,  it  is  shown  that  the 
limit  of  the  sum  in  question  always  exists.  The  problem  then 
is,  to  find  the  value  of  this  limit. 

The  value  of  the  limit  can  always  be  obtained  by  the  fol- 
lowing fundamental  theorem,  whenever  an  integral  of  the 
given  function  f{x)  can  be  found. 

Fundamental  Theorem  of  Summation.  If  Xy, x,,  ••'  Xn 
are  values  of  x  ranging  from  x  =  a  to  x  =  b,  as  in  the  state- 
ment of  the  general  problem  ahove,  then 

lim  [/(xJAa;  -f /(xjAx  -f  •• .  +f(xjAx]  =  Fib)  -  F(a), 

where 

F(x)==ff(x)dx 

is  any  function  whose  derivative  is  the  given  function  f{x). 

The  proof  of  this  remarkable  theorem  is  best  given  by  show- 
ing that  the  right  hand  side  of  the  equation,  as  well  as  the 
left,  is  equal  to  the  area  under  the  curve  from  x^a  to  x  =  b; 
to  do  this,  consider  the  area  from  x^a  to  a  variable  point 
x=^x,  and  find  the  rate  of  change  of  this  area  regarded  as  a 
function  of  x;  hence  find  the  area  itself  as  a  function  of  x, 
determine  the  constant  of  integration  in  the  usual  way,  and 
then  put  x  =  &  in  the  result. 

Definition.  The  limit  of  a  sum  of  the  kind  described  above 
is  called  the  definite  integral  of  f{x)dx  from  x^a  to  x  =  b, 
and  is  denoted  by 


lim 


''£f(x,)£ix,     or  r  ''f(x)dxy 

i=0  *^x=a 


The  function  obtained  by  the  inverse  of  differentiation  is 
called,  for  distinction,  an  indefinite  integral.  By  the  funda- 
mental theorem  just  stated,  the  definite  integral  is  equal  to  the 
difference  between  two  values  of  the  indefinite  integral : 
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The  double  use  of  the  term  "integration" — meaning  in  one  ease  anti- 
differentiation,  and  in  the  other  ease  finding  the  limit  of  a  sum — and  the 
fundamental  theorem  connecting  these  two  distinct  concepts,  should  be 
made  thoroughly  clear.* 

The  concept  of  the  definite  integral  is  the  most  useful  con- 
cept in  the  application  of  the  calculus,  and  the  study  of 
problems  which  can  be  formulated  as  definite  integrals  may 
well  occupy  one  third  of  the  time  of  a  first  course. 

For  example,  problems  in  areas,  volumes,  surfaces,  length  of  arc, 
center  of  gravity,  moments  of  inertia,  center  of  fluid  pressure,  etc. 
Many  of  these  problems  require  two  applications  of  the  fundamentaJ! 
theorem. 

28.  Properties  of  defiidte  integ^rals.  From  the  definition 
of  the  definite  integral  we  have  at  once : 

J'  f{x)dx  -{-£f(x)dx  =£K^)dx  ; 

and,  by  the  aid  of  a  figure,  the  Meaji  Value  theorem: 

£F(x)f(x)dx  =  FiX)£f(ix)dx, 

where  X  is  some  (unknown)  value  of  x  between  a  and  h,  and 
F{x)  and  /(x)  are  any  continuous  functions,  provided  /(x) 
does  not  change  sign  from  x^a  to  x  =  &, 

"We  have  also  the  following  important  theorem  on  change  of 
variable: 

In  evaluating  the  integral 


i 


'f{x)dx,\ 


if  X  is  a  function  of  a  new  variable  t,  we  may  replace  f{x)dx 
by  its  value  in  terms  of  t  and  dt,  and  replace  x ^ o  and  x==b 

*  The  use  of  the  term  in  the  sense  of  summation  was  historically  the 
earlier,  and  the  symbol  f  is  the  old  English  "long  s,"  the  first  letter 
of  "sum. " 


CALCULUS.  269 

by  the  corresponding  values  t  =  a  and  t  =  p,  without  altering 
the  value  of  the  integral,  provided  that  thoroughout  the  inter- 
val considered  there  is  one  and  only  one  value  of  x  for  every 
value  of  t,  and  one  and  only  one  value  of  t  for  every  value  of  x. 

29.  All  problems  loading  to  a  definite  integral  are  prob- 
lems in  finding  the  limit  of  a  sum,  each  term  of  which  is 
approaching  zero,  while  the  number  of  terms  is  increasing 
indefinitely.  "Whenever  a  function  f(x)  can  be  found,  such 
that  all  terms  of  the  sum  are  obtained  by  substituting  suc- 
cessively Xi,X2,  etc.,  in  the  expression  f(x)dx,  then  the  formu- 
lation of  the  problem  as  a  definite  integral  is  immediately 
obvious.  The  separate  terms  of  the  sum,  of  which  f{X]c)dx  is 
a  type,  are  called  elements. 

Thus,  in  finding  the  area  under  a  curve,  an  obvious  element 
of  area  is  the  rectangle  ydx;  if  the  curve  revolves  about  the 
X-axis,  the  element  of  volume  of  the  solid  thus  generated  ip 
the  cylinder  -n-y-dx.  Here  y  must  be  expressed  as  a  function 
of  X  before  the  integration  can  be  completed.  Again,  in  polar 
coordinates,  the  element  of  area  is  the  sector,  ^r^d6,  where  r 
must  be  a  known  function  of  6. 

In  many  eases,  however,  the  proper  function  is  not  so 
immediately  obvious.  In  such  cases,  the  following  theorem  is 
of  great  service : 

Second  replacement  theorem  for  infinitesmals  (Theo- 
rem OF  Duhamel).  In  finding  the  limit  of  a  sum  of  positive 
terms,  each  of  which  approaches  zero  while  the  number  of 
terms  increases  indefinitely,  any  term  may  he  replaced  by  a 
"  similar  "  term  ivithout  affecting  the  value  of  the  limit.  Two 
variables  a  and  /8  are  called  "  similar  "  if 

(1)  lim"  =  l,      or      1/(2)  lim°^=0. 

For  example,  let  us  find  the  weight  of  a  rod  whose  density, 
w,  and  cross-section.  A,  are  both  functions  of  x.  The  "true 
element"  of  weight,  AW,  corresponding  to  a  given  length  Ax, 
will  certainly  lie  between  the  values  w'A'£i.x  and  t^"A"Ax,  where 
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M}',A!  are  the  smallest  values,  and  vo",A!'  the  largest  values 
of  w  and  A  within  the  interval  from  x  =  x  to  x  =  x-\- Lx\ 
but  either  of  these  extreme  values  may  be  replaced  by  the 
simpler  value  it"J.Ax,  where  v:,A  are  the  values  of  vo  and  A 
at  the  hegijining  of  the  interval,  for, 

„     w'A'\x      ,.     tv"A"^      , 
lim  — — —  =  lim  — — -—  =  1. 
u'AAx  u'J.Ax 

Hence,  aW  itself,  which  lies  between  these  extremes,  can  be 
replaced  by  u-J-Ax,  which  is  therefore  the  required  "differ- 
ential element"  of  weight.*  The  total  weight  of  the  rod, 
from  X  =  a  to  X  =  &,  is  then  equal  to  the  definite  integral 

t       wAdx ; 

where  w  and  A  must  of  course  be  expressed  as  functions  of  x 
before  the  integration  can  be  completed. 

In  justifying  replacements  of  this  kind  by  Duhamel's 
theorem,  sometimes  the  first  test  is  more  convenient,  some- 
times the  second.  "When  once  the  common  replacements  have 
been  justified,  the  use  of  the  theorem  in  practice  rapidly 
becomes  almost  intuitive. 

30.  Approximate  methods  of  integration. — If  the  function 
/(x)  is  given  only  empirically,  the  theorem  on  evaluating  the 
definite  integral  by  purely  mathematical  means  cannot  be  ap- 
plied. In  such  cases,  an  approximate  value  of  the  definite 
integral 

Kx)dx 

may  be  found  by  plotting  the  curve  y  =  f{x)  on  squared 
paper,  and  estimating  the  area  by  counting  squares  (and  frac- 
tions of  squares). 

Another  method  of  approximation  is  by  Simpson's  Rule: 

*  When  X  is  the  independent  variable,  it  is  immaterial  whether  we 
write  Ax  or  dx. 
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Divide  the  area  into  n  panels,  where  n  is  even,  and  number 
the  ordinates  from  1  to  n-\-l;  then,  if  Ax  is  the  width  of 
each  panel. 

Area  =  ^Ajj  (first  ordinate  +  last  ordinate 

+  twice  the  sum  of  the  other  odd  ordinates 

+  four  times  the  sum  of  the  even  ordinates) . 

The  instrument  known  as  a  planimeter  provides  a  mechan- 
ical means  of  integration,  used  especially  in  measuring  the 
areas  of  indicator  cards. 

Another  and  very  important  method  of  approximation  is 
by  the  use  of  series;  see  the  next  chapter. 

31.  Definite  Integral  as  a  function  of  its  upper  limit. — If 
X  is  a  variable,  the  definite  integral 


^2'Kx)dx 


represents  the  area  under  the  curve  y  =  f{x)  from  x  =  a  to 
the  variable  ordinate  x  =  X,  and  is  therefore  a  function  of  X, 


V=/M 


say  4>{X).     By  applying  the  definition  of  derivative  to  this 
function,  it  is  easy  to  see  from  the  figure  that  <i>'{X)  =f{X)  : 


dX. 


.J2'Kx)dx=^J{X>i. 
Thus  4>{X)  is  one  of  the  indefinite  integrals  of  f{X). 
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Any  indefinite  integral  which  cannot  be  expressed  in  terms 
of  known  functions  can  always  be  written  as  a  definite 
integral  regarded  as  a  function  of  its  upper  limit,  and  its 
value,  for  any  given  value  of  the  argument,  can  then  be  found 
by  one  of  the  methods  of  approximate  integration. 

The  elliptic  integrals,  the  most  important  of  which  are 


I 


9=«  dd  ,       r9=4> 


=0    i/l  —  (P)  sin'  6 


and       r  *v^l-(ifc*)8in'edd, 

Je=o 


are  handled  in  this  way,  by  the  method  of  expansion  in  series. 
The  student  should  be  made  familiar  with  the  construction 
and  use  of  tables  of  the  elliptic  integrals. 

In  such  tables,  t*  is  usually  expressed  in  the  form  sin'  o,  which  empha- 
sizes the  fact  that  l^  g  1. 


CHAPTER  V. 

APPLICATIONS  TO  ALGEBRA :  EXPANSION  IN  SERIES  ;  INDETEB- 
MINATE  FORMS. 

Note. — This  chapter  may  be  taken,  if  preferred,  immediately 
after  the  chapter  on  differentiation.  It  is  in  reality  an  exten- 
sion of  the  "formal  work"  of  that  chapter,  since  it  deals  vdth 
changes  in  the  form  of  algebraic  expressions. 

32.  Taylor's  theorem. — It  is  often  desirable  to  obtain  an 
approximate  expression  for  a  given  function,  in  the  neighbor- 
hood of  a  given  point  x  =  a,  in  the  form  of  a  series  arranged 
according  to  ascending  powers  of  x  —  a,  with  constant  coeffi- 
cients. For  values  of  x  near  to  a,  the  higher  powers  of  x  —  a 
will  then  become  negligible. 

The  most  convenient  theorem  for  this  purpose  is  the  fol- 
lowing : 

Taylor's  Theorem.  If  f(x)  is  continuous,  and  has  deriva- 
tives through  the  (n-f-i)s?,  in  the  neighborhood  of  a  given 
point  x  =  a,  then,  for  any  value  of  x  in  this  neighborhood, 

/•(x)=/(a)-f^(x-a)+£^(x-a)'  +  ..- 

where  X  is  some  unknown  quantity  between  a  and  x.    The  last 
term, 


is  the  error  committed  if  we  stop  the  series  with  the  term  in 
(x  —  a)",  and  the  formula  is  useful  only  when  this  error  be- 
comes smaller  and  smaller  as  we  increase  the  number  of 
terms. 
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TMs  form  for  the  "remainder"  E  is  easilv  remembered  since  it 
differs  from  the  general  term  of  the  series  only  by  the  fact  that  the 
derivative  in  the  coefficient  of  the  power  of  (x  —  a)  is  taken  for  x  =  X 
instead  of  for  x  =  a.*  (There  are  also  other  forms  of  the  remainder 
which  are  sometimes  usefuL) 

33.  The  special  case  where  a  =  0  is  called  Maclaurin's 
Theorem: 

where  X  is  some  unknown  quantity  between  0  and  x. 

34.  Another  special  ease,  obtained  by  putting  n  =  0,  gives 

f{x)-f{a)=nZ){x-a), 

where  again  X  is  some  unknown  quantity  between  a  and  x. 
This  theorem  is  called  the  Law  of  the  Mean,  and  is  of  great 
importance  in  the  theoretical  development  of  the  subject. 

35.  If  the  error-term  in  Taylor's  Theorem  approaches  zero 
as  n  increases,  the  formula  becomes  a  convergent  infinite  series, 
called  the  Taylor's  series  for  the  given  function,  about  the 
given  point  x  =  a. 

The  series  with  which  the  student  should  be  especially  fa- 
miliar are  the  following : 

•  The  simplest  proof  of  this  theorem  is  by  means  of  integration.  Tor 
example,  for  the  case  n  =  2,  we  have 

fy"(,t)dt=f"'{X){z-a), 

where  X  is  some  (unknown)  constant  between  a  and  x  (as  is  evident  from 
a  figure) ;  but  also 

£.r"{f]dt=f'ix)-f"{a), 

by  the  fundamental  theorem;  so  that 

f"ix)-r(a)=r(X)(x-a). 

Integrating  this  equation  twice  between  the  limits  x  =  a  and  x:^x, 
remembering  that  /"(a)  and  f"'(X)  are  constants,  we  have  at  once: 

r(x)—r(a)—r{a){x  —  a)=riX)H^  —  ar, 
f{x)—f{a)—r(a)(x  —  a)—r(a)ii^  —  ar  =  r"{X)ii(x  —  ay. 
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Binomial  series: 


Sine  series 


provided  |x  |  <  1. 


x'        ar*        z' 
sm  x  =  X  —  —  +  —  —  —  -\.  . . .      (a;  in  radians) , 

Cosine  series : 


x^         X*        x^ 


cos  J-  =  1  —  —  -f  ^j  —  —  4-  . . .      (a;  in  radians). 
Exponential  series : 

2!3!~4!^ 

Next  in  importance  are  the  series  for  log    (1  +  x),  tan"'  x,  sinh  x, 
and  cosh  x. 

From  these  series  we  have  the  following  important  approxi- 
mations, when  X  is  small : 


1 


=  1-^+...,  =i_      + 


sin  a;  =  r ,     cos  j  =  ] ,  etc. 

An  important  special  case  of  the  binomial  series  is  the 
geometric  series : 

^— —  =  1  ^  x  +  x'  -^  x'  +  ■■•,    provided  \x\  <  1. 

36.  The  student  should  also  understand  the  comparison  test, 
and  the  test-ratio  test,  for  the  convergence  of  an  infinite  series, 
and  the  following  theorem  on  alternating  series :  If  the  terms 
of  a  series  are  alternately  positive  and  negative,  each  being 
numerically  less  than  or  equal  to  the  preceding,  and  if  the  nth 
term  approaches  zero  as  n  increases,  then  the  series  is  conver- 
gent, and  the  error  made  by  breaking  off  the  series  at  any 
given  term  does  not  exceed  numerically  the  value  of  the  last 
term  retained. 


276  CALCULUS. 

Further,  a  power  series  can  he  differentiated  or  integrated 
term  hy  term,  within  the  interval  of  convergence. 

37.  Indeterminate  forms. — The  evaluation  of  indeterminate 
forms  can  often  be  facilitated  bv  the  use  of  the  following 
theorem,  in  which  f{x)  and  F{x)  are  functions  which  possess 
derivatives  at  a  given  point  x  =  a. 

Theorem  of  indeterminate  forms.  If  f{x)  and  F{x)  ioth 
approach  zero,  or  ioth  become  infinite,  when  x  approaches  a, 
then 


The  second  limit  may  often  be  easier  to  evaluate  than  the  first. 
The  student  should  thoroughly  understand  the  meaning  of 

indeterminate  forms,  for  which  the  common  symbols-,  l'°,etc., 

are  merely  a  suggestive  short-hand  notation. 

Thus,  "0/0"  means  that  we  are  asked  to  find  the  limit  of 
afunctioni/  =  /(x)/jP(x), when  /(x)  and  F{x)  bothapproach 
zero.  Now  the  change  in  /(x)  alone  would  tend  to  decrease 
y  numerically,  while  the  change  in  -F(x)  alone  would  tend  to 
increase  y ;  hence  we  cannot  tell,  without  further  investigation, 
what  the  combined  effect  of  both  changes,  taking  place  simul- 
taneously, will  be. 

Again,  the  symbol  l""  means  that  we  are  asked  to  find  the 
limit  of  a  function  y  =  f{x)^^'\  when  /(x)  approaches  1  and 
F{x)  becomes  infijiite.  Now  the  change  in  /(x)  alone  would 
tend  to  make  y  approach  1,  while  the  change  in  F(x)  alone 
would  tend  to  make  y  recede  from  1 ;  hence  we  cannot  tell,  with- 
out further  investigation,  what  the  combined  effect  will  be. 

The  student  should  thoroughly  master  in  this  way  the 
meaning  of  all  the  seven  types  of  indeterminate  forms,  namely, 

0     oc 

TT  ,    .    0  •  3C  .    0",    1"  ,     X ",     x   —  oo. 

0      oc 

The  cases  involving  exponents  are  best  treated  by  first  find- 
ing the  limit  of  the  logarithm  of  y,  from  which  the  Kmit  of  y 
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can  then  be  obtained.    The  form  0-  oo,  or  y  =  f{x)  •F{x),  can 

be  written  as  ?/=  ^  ,j,/  , ,  or  t/=  -— ^t    -.  which  then  comes 
1/F{x)  l/f(x) 

under  one  of  the  first  two  forms.     The  last  form,  oo  —  oo ,  is 

usually  best  handled  by  the  method  of  series. 

Before  applying  the  theorem  of  indeterminate  forms,  one 

should,  of  course,  try  first  to  find  the  required  limit  by  a 

simple  algebraic  transformation,  if  possible. 


CHAPTER   YI. 

APPLICATIONS  TO  GEOMETRY  A2sD  MECHANICS. 

In  all  applications  to  geometry,  in  which  a  curve  is  repre- 
sented by  an  equation  connecting  x  and  y,  the  scales  on  the  x 
and  y  axes  must  he  equal  (compare  §3,  footnote). 

38.  Tangent  and  normal. — The  equation  of  the  tangent  at 
any  point  (and  hence  the  equation  of  the  normal)  can  be 
written  down  at  once  when  we  know  the  slope  and  the  coordi- 
nates of  the  point  of  contact. 

Again,  to  find  the  suhtangent  or  subnormal  at  any  point, 
we  have  simply  to  find  the  ordinate  and  the  slope  at  that  point, 
and  then  solve  a  right  triangle. 

39.  Differential  of  arc.  If  5  =  length  of  arc  of  the  curve 
y  =  f(x),  measured  from  some  fixed  point  A  of  the  curve, 
then  s,  like  y,  is  a  function  of  x,  and  we  may  ask  what  is  the 


x.+^x 


rate  of  change  of  s  with  respect  to  x,  that  is,  what  is  the  value 
of  ds/dx.  Now  ds/dx  =  ]im  (As /Ax),  and  in  finding  this 
limit  we  may  replace  the  arc  As  by  its  chord,  V  ( Ax)  *-j-  (Ay )  ^ ; 
hence  ds/dx  =  ]im-\/l-}- (Ay /Ax)- =  \/l-\-  (dy/dx)',  or 


ds=\/idxy-{-{dyy 


CALCULUS. 


279 


as  indicated  in  the  figure.    This  formula,  and  the  correspond- 
ing relations 

dx  =  ds  cos  <{>,      dy  =  ds  sin  </», 

are  important,  and  are  readily  recalled  to  mind  by  the  figure. 
In  the  case  of  a  circle  of  radius  r,  if  d6  =  the  angle  at  the 
center,  subtended  by  the  arc  ds,  then 

ds  =  rdO, 

provided  the  angle  is  measured  in  radians. 

40.  Again,  in  case  of  a  curve  whose  equation  is  given  in 
polar  coordinates,  r  =  f(6),  we  see  at  once  from  the  figure,  by 
the  aid  of  the  replacement  theorem,  that 

d$=  V(dr)'  +  {rddy     and     tan  i/^= -^-, 

where  t{/  is  the  angle  which  the  tangent  makes  with  the  radius 
vector  produced. 


41.  Radius  of  Curvature. — Consider  the  normal  to  a  given 
curve  at  a  given  point,  P,  and  also  the  normal  at  a  neighbor- 
ing point,  Q.  These  two  normals  will  intersect  at  some  point 
C  on  the  concave  side  of  the  curve ;  and  as  Q  approaches  P, 
along  the  curve,  this  point  C  will  (in  general)  approach  a 
definite  position  C  as  a  limit.  The  circle  described  with  a 
center  at  this  point  C  and  radius  equal  to  CP  will  fit  the 
given  curve  more  closely,  in  the  neighborhood  of  the  point  P, 
than  does  any  other  circle.  This  circle  is  called  the  osculating 
circle,  or  the  circle  of  curvature,  at  the  point  P ;  its  center  G 
is  called  the  center  of  curvature,  and  its  radius  CP  is  called 
the  radius  of  curvature,  at  the  point  P. 


280  CALCULUS. 

The  radius  of  curvatiire  may  thus  be  taken  as  a  measure  of 
the  flatness  or  sharpness  of  the  curve ;  the  smaller  the  radius 
of  curvature,  the  sharper  the  curve. 

The  length  of  the  radius  of  curvature,  R,  at  any  point  P  is 
most  readily  found  as  follows :  In  the  triangle  PC'Q,  we  have 
C'P/PQ  =  sm  Q/sm  A^,  where  A(^  is  the  angle  between  the 
normals  (or  between  the  tangents)  at  P  and  Q.  Therefore 
iv  =  lim  C'P  =  lun  (chord  PQ /sin  A0)  sin  Q ;  or,  replacing 


the  chord  by  the  arc  As,  and  sin  Ac/)  by  A<^,  and  noticing  that 
Q  is  approaching  90°,  so  that  lim  sin  Q  =  l,  we  have 
ii;  =  lim  (As/A^),  or, 

This  important  formula  is  readily  recalled  to  mind  from  the 
figure,  if  one  thinks  of  the  arc  As  as  approximately  a  circular 
arc. 

To  express  B  in  terms  of  x  and  y,  we  have  only  to  remember  that 
d«=V(da;)*+  (dy)'=Vl+'y^dx,  and  tan  <t>  =  dy/dx  =  y',  whence 
dc(>  =  y"dx/il  +  y'^);  then 

y 
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Def.  The  curvature  of  a  curve  at  a  point  is  defined  as  the 
rate  at  which  the  angle  (f>  is  changing  with  respect  to  the 
length  of  arc  s ;  that  is, 

d<f>       1 
curvature  =  ,    =  >^  • 
as       B 

If  the  slope  of  the  curve  is  small,  the  curvature  is  approxi- 
mately equal  to  i/". 

Def.  The  locus  of  the  center  of  curvature  is  called  the 
evolute  of  the  curve. 

The  normals  to  the  given  curve  are  tangent  to  the  evolute, 
and  the  given  curve  may  be  traced  by  unwinding  a  string  from 
the  evolute. 

42.  Velocity  and  acceleration. — Consider  a  particle  moving 
along  a  straight  line.  Its  distance  from  the  origin  is  a  func- 
tion of  the  time : 

x  =  F{t). 

The  velocity  of  the  particle  is  the  rate  of  change  of  its 
distance :   ' 

v  =  dx/dt  =  F'{t)  =x'. 

The  velocity  wiU  be  positive  or  negative,  according  as  the 
particle  is  moving  forward  or  backward  along  the  line. 

The  acceleration  of  the  particle  is  the  rate  of  change  of  its 
velocity: 

A  =  dv/dt  =  F"{t)=  x". 

The  acceleration  will  be  positive  or  negative  according  as 
the  velocity  is  increasing  or  decreasing  (algebraically). 

If  a  particle  is  moving  along  a  plarie  curve,  we  must 
consider  the  components  of  its  motion  along  two  fixed  axes. 
The  components  of  acceleration  along  the  x-  and  j/-axes 
are  x"  and  y" ;  the  components  of  acceleration  along  the 
tangent  and  normal  are  dv/dt  and  v'/R,  respectively,  where 
v=\^x"'-]-y'-  =  ihe  path  velocity,  and  i?  =  the  radius  of 
curvature. 

It  should  be  carefully  noticed  that  dv/dt  is  not  the  whole  acceleration, 
but  only  that  component  of  the  acceleration  which  lies  along  the  tangent. 
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The  importance  of  this  application  in  problems  in  mechanics 
is  obvious. 

2sote. — As  explained  in  the  preface  of  this  report,  these 
pages  are  intended  merely  to  give  a  resume  of  the  working 
principles  of  the  calculus  with  which  the  student  should  be 
perfectly  familiar  after  having  taken  a  course  in  this  subject. 
The  main  part  of  the  work  of  such  a  course  should  &e  proh- 
lems  done  hy  the  students — each  prohlem  heing  solved  on  the 
basis  of  the  small  iiumler  of  fundamental  theorems  here 
mentioned. 
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Discussion. 

Professor  Chas.  0.  Gunther:  It  seems  to  me  that  in  this 
report  some  mention  should  be  made  of  imaginary  and  com- 
plex quantities.  A  little  knowledge  of  these  quantities  can, 
for  instance,  be  utilized  to  good  advantage  by  applying  it  to 
that  part  of  the  calculus  known  as  integration.  In  fact,  in- 
tegration can  be  simplified  to  the  extent  of  eliminating  the 
usual  "  reduction  formulte  "  and  rendering  the  use  of  tables 
of  integrals  unnecessary. 

As  found  in  text-books  in  general,  there  are  three  cases  for 
which  the  expression 

dxj  =  cos^d  sm^ede  (1) 

can  be  easily  integrated.  Two  of  these  cases  include  frac- 
tional values  for  h  and  A".  All  other  cases  in  which  h  and  k 
are  integers  can  either  directly,  or  by  means  of  a  single 
imaginary-  trigonometric  substitution  (tan  ^  =  i  sin  a,  in  which 
a  is  an  imaginary  quantity),  be  reduced  to  one  or  more  of  the 
three  cases  just  referred  to. 

The  general  binomial  differential  expression 

dy  =  x"'{a-^bx'')p/'idx  (2) 

is  only  another  form  of  (1)  since  V^  +  hx^  can  always  be 
represented  by  one  of  the  three  sides  of  a  right  triangle  and 
therefore  expressed  as  a  trigonometric  function  of  one  of  the 
acute  angles  of  the  triangle. 

To  make  this  transformation  the  student  must  know  the 
relation  between  the  hypotenuse  and  the  two  sides  of  a  right 
triangle,  the  values  of  the  trigonometric  functions  of  an  angle 
in  terms  of  the  sides  of  a  right  triangle,  and  the  rules  for 
differentiation. 

Differential  expressions  involving  trinomial  surds  may  be 
rationalized  in  a  similar  manner. 

The  expressions 

-^n^e-cosbx,  (3) 

^-  =  6-'sin6x,  (4) 
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may  be  integrated  with  great  facility  if  complex  quantities 
are  employed,  because  e^-^  cos  hx  and  6"  sin  6x  are  the  rec- 
tangular components  of  a  vector  whose  modulus  is  e'^  and 
whose  argument  is  hx.  The  integrals  of  (3)  and  (4)  are  found 
from  the  integral  of 

in  which  z  is  a  complex  variable  of  the  form  y  -\-  iy.  The 
integral  of  (5)  is  readily  found  to  be 

in  which  G„_i,  •  •  •  C^,  Cp.  are  constants  of  the  form  C  =  C  -\-  iC. 
Equation  (6)  may  be  written 

-ox 

_  gi(6.-n  taB-i  M)  _^  C  _^a^-i  +  . .  .  +  Qx  +  q,.      (7) 


The  integral  of  (3)  is  the  real  part  of  (7)  and  the  integral  of 
(4)  is  the  imaginary  part  of  (7)  divided  by  i'. 
Again  in  differential  equations  we  find  the  linear  equations 

^  -f  ay  =  6  cos  nx,  (8) 

^  +  03/  =  6  sin  nx,  (9) 

and  their  solutions  can  be  obtained  from  the  solution  of  the 
equation 

^  +  a2=6e^-  (10) 

in  which  z^y  -\-  iy. 

The  foregoing  illustrates  a  few  of  the  applications  of  com- 
plex and  imaginary  quantities,  and  includes  a  first  treatment 
of  hyperbolic  functions  as  trigonometric  functions  of  imagi- 
nary quantities. 

Some  little  consideration  should  also  be  given  to  the  com- 
plex and  imaginary  branches  of  certain  curs-es,  as  for  example, 
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the  circle,  the  ellipse,  and  the  hyperbola.  It  should  be  noted 
that  the  equation  of  the  circle  x--\-y-  =  a-  is  also  the  equation 
of  an  imaginary  hyperbola  for  values  oi  x>  a  and  <  —  a. 
This  is  important,  since  of  the  three  forms  of  binomial  surds 
Va^  —  x^,  \^a^-\-x-,  Var=  —  a-,  the  first  is  obtained  from  the 
equation  of  the  circle  x~-\-ij-  =  a",  and  the  latter  two  from 
the  equation  of  the  hyperbola  x-  —  y^  =  a';  but  all  three  are 
obtained  from  the  equation  of  the  circle  if  imaginary  quanti- 
ties are  made  use  of. 

Professor  J.  E.  Boyd :  I  want  to  emphasize  everything  Pro- 
fessor Gunther  just  said  about  the  use  of  complex  quantities. 
We  cannot  derive  a  formula  for  an  eccentrically  loaded  long 
column  without  the  use  of  them ;  we  cannot  make  alternating 
current  calculations  without  them.  A  student  might  as  well 
learn  how  to  use  them.  I  endorse  what  he  says  about  the  use  of 
integral  tables  in  teaching  calculus.  Our  professors  in  calcu- 
lus last  year  adopted  a  book  that  advised  the  use  of  tables. 
This  year  a  book  of  the  other  type  was  selected.  We  did  not 
use  the  tables  any  more  than  was  absolutely  necessary  and 
found  the  result  satisfactory.  The  student  does  not  need 
tables  often,  except  to  make  use  of  the  several  transformations. 

Professor  F.  L.  Emory:  The  average  student  is  vastly  lack- 
ing in  a  knowledge  of  the  use  of  logarithms.  He  also  lacks 
the  ability  to  read  trigonometric  formulge  from  the  triangle. 

The  tendency  of  the  report  is  to  include  more  material  than 
can  be  covered  in  an  engineering  course.  I  would  be  satisfied 
to  have  a  little  more  training  in  a  few  principles  which  stu- 
dents must  know  so  well  that  they  have  confidence  in  their 
knowledge.  One  of  the  most  serious  difficulties  that  I  encoun- 
ter is  with  the  constant  of  integration.  This  is  largely  the 
fault  of  the  text-books.  I  have  a  grievance  against  the  text- 
book writer  who  omits  the  constant  in  all  cases,  supplemented 
by  the  remark  tliat  it  should  always  be  added.  We  cannot 
expect  the  student  to  remember  a  footnote  to  be  applied  with 
each  operation. 

Professor  J.  B.  Webb:  I  am  pleased  to  hear  what  Pro- 
fessor Emory  said  about  the  constant  of  integration  and  his 
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explanation  of  the  diflBcultv,  but  I  think  the  trouble  is  more 
in  the  teaching  than  in  the  text-books.  In  reading  Mr.  F.  W. 
Taylor's  book  on  his  system.  I  was  interested  in  one  of  the 
illustrations  which  he  uses.  He  takes  the  case  of  loading  cars 
with  pig  iron,  where,  by  the  application  of  his  system  he 
about  tripled  the  amount  that  a  man  could  do  in  a  day,  and  at 
the  same  time  enabled  the  man  to  earn  more  money.  One  of 
the  first  things  he  did  was  to  examine  the  men  that  were  in  the 
gang,  and  he  found  that  but  one  man  in  eight  was  suitable 
for  this  work.  He  used  only  those  who  were  fitted  for  it.  "We 
have  about  the  same  proportion,  perhaps,  of  the  unfit  in  our 
classes,  and  the  ones  fitted  for  engineering  could  do  three 
times  the  work  and  do  it  better  if  our  classes  were  conducted 
on  the  Taylor  system. 

I  have  had  some  interesting  experiences  with  the  complex 
variable.  Having  studied  the  subject  in  Germany  in  1878- 
1880,  on  my  return  to  this  country  I  tried  to  teach  its  use. 
Objections  were  made  by  those  not  acquainted  with  the  sub- 
ject, that  it  was  too  advanced  and  of  little  practical  use.  so 
that  it  proved  to  be  harder  to  convince  the  average  American 
teacher  of  its  import-ance  than  to  arouse  the  interest  of  intelli- 
gent students.  Some  of  the  professors  were  convinced,  but 
that  was  where  the  trouble  lay.  If  a  student  was  conditioned 
because  he  did  not  get  through  with  his  mathematics,  some 
said  I  taught  ' '  over  his  head  ' "  and  gradually  the  standard 
would  be  forced  down.  The  trouble  with  the  present  schools 
is  that  they  want  too  many  students  and  are  going  to  hold 
all  they  have  and  get  more  if  they  can.  They  do  not  call  out 
the  seven  and  keep  the  one.  After  Dr.  Steinmetz.  a  layman, 
produced  his  book  on  the  treatment  of  alternating  currents, 
using  complex  variables,  there  was  less  objection  made  to 
them.  Now  I  say  it  is  a  disgrace  that  it  should  be  necessary 
for  a  layman  to  show  professional  teachers  that  a  certain  part 
of  mathematics  is  needed.  "Wliat  we  should  do  is  to  eliminate 
the  students  who  are  not  capable  of  profiting  by  what  we  know 
should  be  taught,  and  then  hold  the  others  to  a  high  standard. 

We  expect  too  much  of  the  student  who  takes  calculus.    Of 
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a  semester  in  calculus  at  least  one-half  is  spent  in  reviewing 
previous  mathematics.  A  course  in  calculus  is  an  excellent 
review  of  geometry,  algebra  and  especially  of  trigonometry, 
and  at  its  close  we  should  not  expect  the  average  student  to 
know  much  more  about  it  than  he  did  about  trigonometry  at 
the  start. 

This  committee  was  appointed  to  see  what  was  the  matter 
with  the  teaching  of  mathematics.  They  imply  that  good  text- 
books are  lacking.  I  cannot  agree  with  this  and  would  rather 
have  one  of  the  old-fashioned  text-books  than  those  outlined 
in  their  report.  If  they  intend  to  give  simply  a  list  of  subjects 
that  students  should  be  drilled  in,  well  and  good;  but  if  the 
report  intends  to  prescribe  the  methods  of  thought  and  of 
logical  deduction,  to  be  used  in  those  subjects,  then  I  think  it 
is  all  wrong. 

Professor  Magruder:  The  introduction  to  the  report  states 
clearly  the  purpose  of  the  syllabus. 

Professor  W.  J.  Risley:  The  suggestions  that  have  been 
made  here  this  afternoon  are  very  good.  I  am  in  favor  of  a 
section  on  imaginary  quantities.  "When  I  approached  some  of 
the  Harvard  professors  of  engineering  subjects  I  found  that 
they  wanted  their  students  to  perform  vector  addition  analyt- 
ically. They  said  that  the  teachers  of  mathematics  were 
teaching  a  lot  of  things  of  which  little  or  no  use  was  made 
later.  To  a  great  extent  Professor  Webb  was  right  in  stating 
that  he  had  to  teach  the  professors  of  engineering  what  they 
ought  to  teach,  in  order  that  they  might  understand  some  of 
the  mathematics  which  he  attempted  to  send  to  them.  On  the 
other  hand,  sometimes  the  professors  of  engineering  have  to 
teach  the  professors  of  mathematics  some  things  that  they 
don't  know  that  their  students  ought  to  know.  Neither  set  is 
to  be  criticized  too  severely  unless  they  are  unwilling  to  learn 
when  the  right  way  is  pointed  out. 

Principal  Arthur  L.  Williston;  I  was  very  much  inter- 
ested in  what  Professor  Webb  said  a  moment  ago,  referring 
to  Mr.  Taylor's  work  and  his  method  of  culling  out  one  man 
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of  the  eight  who  was  especially  adapted  for  a  particular  kind 
of  work,  nsiiig  liim  intensiTely  on  that  kind  of  work,  and  find- 
ing tasks  for  which  the  other  seven  are  fitted.  That  idea  is 
reaDy  at  the  bottom  of  all  of  our  difficulty  in  this  discussion 
of  teaching  mathematics  to  engineers,  which  we  have  had 
almost  since  we  began  trying  to  teach  engineers.  As  there  are 
few  men  of  the  naturally  analytical  kind  that  Professor  Webb 
'—  ribes  it  does  not  niasr  niucli  difference  what  sort  of 
—  r  -- jds  we  use  with  thfrn.  As  a  matter  of  fact  a  very  small 
proportion  of  the  nier.  ^ :.  :  r  :.  :  ;^  ;  Iv  of  eminent  engi- 
ne r-  ":  :  e  that  typ  e  : :  :.  i-i  1  ^  >  i.-  k;:  v  '  -  sort  of  fellow 
vr-  -:riTes  on  cc— ::-  z  r^i:_:  ::tS.  A:.:  I  am  sure  the 
n:  V  r  ":  ^  ^^  :^^rr  ^  ill  bear  me  out  in  my  statement  that 
a  r  ;  1  ■  r  :  ::'  r.  :  l.^  successful,  eminent  engineers 
c:  :  ^  :i.-:v  :^rr  ::  :-i:  kiind.  The  ideal  plan  would  be  to 
sei  iri:^  :1.  ^e  fellows  from  the  mass  and  give  them  a  course 
in  r-\i  ies.    They  would  like  it  and  it  would  be  a 

rlrAs  i:  Lstructors  to  teach  them.    But  let  us  take  the 

o:!.^:  ^ :  ::  For  the  most  part,  the  man  who  is  going  to  be  a 
s :  v^f  il  n^in  er  in  industrial  work  is  a  practical,  concrete 
n  r.  E  r  1  T  -  n  :  handle  imaginary,  complex,  abstract  quan- 
ti:i  ^  r-iiy.  Ani  ;  rt  that  is  the  very  type  of  mind  that  the 
:i  1  ^  n-  in  i'i  i::::  rtsnt  industrial  activities.  Those  fel- 
1  ?  i:  :  i  "  \v  vn^titute  the  great  majority,  want 
nii:l.  :ni:i:?  n  :  ^^  ^i.  ni:al  light  but  simply  as  a  neoes- 
sary  evii    i:  y    .  -       .i  : hat  they  mr.^'    :--      -1  :n 

our  ta..fr.r,g  j-i-d  ,:ur  livn^n:.^  .  ,  ould  learn  to  ta^  :.i  n:i:nf- 
matics  as  two  subjects,  one  thing  for  tiie  first  type,  ancthrr 
for  the  second,  it  would  simplify  all  our  discussion.  It  is 
absolutely  futile  to  attempt  to  teach  the  first  kind  of  mathe- 
matics to  three  out  of  four  young  men  who  will  be  good  engi- 
neers whether  the  colleges  turn  them  out  as  fitted  to  be  engi- 
neers or  not.  Thqr  are  going  to  be  engineers.  As  I  under- 
stand it)  the  work  of  this  committee  has  been  to  some  extent 
a  movement  toward  trying  to  get  the  teacbing  of  mathematics 
for  engineers  differentiated  from  the  teaching  of  pure  mathe- 
matic&    I  am  sorry  that  the  difference  is  not  more  marked. 
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Professor  E.  R.  Maurer:  I  prefer  to  hear  a  teacher  of 
mathematics  discuss  this  syllabus,  because  he  can  see  it  in  the 
light  of  his  experience  in  teaching  the  subject.  To  be  sure, 
others  have  good  ideas  as  to  what  knowledge  and  training 
engineers  ought  to  have  in  mathematics,  but  they  fail  to  ap- 
preciate the  difficulties  of  teaching  the  subject.  So,  between 
two  criticisms,  one  offered  by  teachers  of  mathematics  and  the 
other  by  teachers  who  have  never  taught  mathematics,  I  place 
more  confidence  in  the  former.  In  estimating  the  value  of 
mathematical  instruction  we  are  apt  to  forget  that,  in  many 
schools,  particularly  the  large  ones,  more  or  less  inexperienced 
men  are  employed  as  instructors  in  the  departments  of  mathe- 
matics. The  results  suffer  on  that  account.  In  addition  there 
is  the  poor  quality  of  the  working  material.  I  try  to  be  chari- 
table when  I  judge  the  students  that  come  to  me  from  the  de- 
partment of  mathematics  on  those  two  accounts.  Many  of  the 
boys  have  had  their  training  at  the  hands  of  inexperienced 
men  and  many  have  very  little  mathematical  talent.  I  think 
the  syllabus  is  good  as  a  list  of  topics  with  which  all  engineer- 
ing students  ought  to  be  familiar.  I  agree  •with  Professor 
Webb  in  that  we  ought  not  to  set  this  up  as  a  subject  matter 
for  all  teachers  of  mathematics  to  use  and  not  depart  from  it 
in  any  particular.  The  teacher  of  mathematics,  or  of  any  sub- 
ject in  an  engineering  school  ought  to  understand  his  subjects 
well  enough  to  get  up  his  own  syllabus,  if  necessary. 

The  President:  An  informal  committee  of  instructors  in 
the  University  of  Illinois,  formed  of  a  dozen  men  representing 
the  department  of  mathematics,  mechanics,  civil  engineering, 
electrical  engineering  and  mechanical  engineering,  made  a 
careful  study  of  the  report  of  the  ^lathematics  Committee  to 
see  whether  the  syllabi  covered  the  ground  which  these  pro- 
fessors thought  should  be  covered  in  class.  In  general  I  may 
say  that  they  approve  almost  wholly  of  the  contents  and  in 
general  of  the  matters  of  emphasis  as  to  what  part  should  be 
well  understood,  what  other,  only  partly  known.  With  your 
permission  I  shall  include  this  report  in  the  discussion. 

The  committee  of  University  of  Illinois  instructors  selected 
19 
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to  discuss  the  preliminaiy  report  of  the  Committee  on  the 
Teaching  of  Mathematics  to  Students  of  Engiaeering  submit 
the  following  recommendations: 

Since  the  syllabi  are  meant  to  embody  the  TniniTimm  equip- 
ment in  mathematics  of  a  good  engineer,  they  have  been  dis- 
cussed from  that  point  of  view.  But  it  is  the  opinion  of  the 
committee  that  much  could  be  gained  by  publishing  a  list  of 
topics  that  should  be  included  in  the  courses  discussed,  and 
emphasizing  by  a  star  those  which  are  ' '  so  essential  that  every 
engineering  student  should  have  them  so  firmly  fixed  in  his 
memory  that  he  will  never  need  to  look  them  up  in  a  book."" 
The  discussions  of  the  committee  were  confined  to  the  syllabi 
which  are  printed  in  the  Proceedings,  i.  e..  Algebra.  Trigo- 
nometry, Analytic  Geometry,  and  Calculus.  Section  numbers 
refer  to  the  sections  as  published  in  the  syllabus. 

Algebra. 

1.  Under  factoring  some  mention  should  be  made  of  the 
import-ant  cases  of  collecting  coefficients,  and  of  quadratic 
trinomials, 

2.  Important  principles  and  rules  should  be  given  in  trans- 
lated word  form  as  well  as  in  symbolic  form  (as  is  done  once  on 
page  172  and  in  the  differentiation  rules  in  the  calculus  syl- 
labus. Students  often  fail  to  get  the  full  meaning  of  sym- 
bolic forms.  The  operations  with  fractions  and  the  definitions 
and  laws  of  exponents  especially  need  statement  in  word  form, 

3.  If  algebra  follows  trigonometry,  the  three  forms  for 
imaginaries  should  be  included, 

4.  The  notions  equality,  identity  and  equation  should  be 
carefully  differentiated, 

5.  The  principles  of  equivalent  equations  should  be  in- 
cluded, for  a  student  should  know  what  operations  introduce 
or  take  out  roots, 

6.  More  emphasis  is  needed  on  the  "completing  the  square*' 
process,  for  it  is  often  needed  later  in  integration  and  analytics 
when  no  solution  is  required. 

7.  Harmonic  progression  should  be  omitted- 
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Trigonometry. 

1.  The  committee  agrees  that  the  syllabus  is  satisfactory 
and  probably  is  complete  enough  for  the  average  engineer. 
Some  members  expressed  a  desire  for  the  memorization  of 
more  formulas  as  particularly  useful  to  electric  engineers. 

2.  Some  members  desired  greater  stress  on  the  visible  hand- 
ling of  formula.  By  visible  is  meant  graphical  so  far  as  the 
expression  of  relationship  and  formula?  can  be.  For  ex- 
ample the  student  should  not  so  much  remember  the  six  fun- 
damental definitions  as  formulae  as  he  should  remember  the 
defining  triangle  and  its  ratios.  The  same  idea  should  be 
carried  throughout. 

Analytic  Geometry. 

1.  The  syllabus  states  in  the  introduction,  "This  syllabus 
is  confined  mainly  to  the  conic  sections;  but  a  satisfactory 
course  in  analytic  geometry  should  include  also  the  study  of 
many  other  curves."  This  committee  believes  that  the  syl- 
labus would  be  improved  by  including  the  most  important  of 
these  ''many  other  curves"  including  the  so-called  engineer- 
ing curves. 

2.  The  equation  of  a  straight  line  passing  through  two  given 
points  should  be  included. 

3.  The  equation  of  a  straight  line  should  be  written  in  such 
a  form  and  taught  in  such  a  manner  that  all  constants  of  the 
line  are  readily  determined. 

4.  The  method  of  treating  the  conic  sections  in  the  syllabus 
is  commended.  For  obtaining  a  proper  facility  in  handling 
the  practical  applications  of  these  curves,  it  is  desirable  to 
study  each  form  separately  even  at  the  expense  of  the  addi- 
tional time  that  is  required  when  this  method  is  employed. 
The  properties  of  these  curves  as  given  are  amply  sufficient. 

5.  The  geometrical  construction  of  the  conies  should  be  in- 
cluded and  given  more  than  a  mere  reference. 

6.  In  the  transformation  of  coordinates  the  method  rather 
than  the  equations  should  be  remembered. 

7.  The  subject  matter  in  articles  46-54  is  not  that  which  a 
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student  should  remember,  but  belongs  to  that  class  of  things 
which  can  easily  be  referred  to  when  required. 

8.  Much  greater  emphasis  should  be  placed  upon  work  in 
polar  coordinates. 

9.  It  is  desirable  for  the  student  to  be  familiar  with  cylin- 
drical coordinates  and  the  committee  commends  the  inclusion 
of  these  coordinates  in  the  syllabus. 

10.  Great  stress  should  be  laid  upon  representation  with 
space  coordinates.  Any  single  equation  in  space  coordinates 
represents  some  surface.  If  the  equation  is  in  three  variables 
the  surface  may  be  any  form,  if  in  two  variables  the  surface  is 
a  cylinder,  if  in  one  variable  the  surface  is  a  plane  or  a  system 
of  planes  parallel  to  one  of  the  coordinate  planes.  Great 
emphasis  should  be  placed  upon  the  fact  that  it  requires  a 
pair  of  simultaneous  equations  to  determine  a  line  in  space. 

11.  Article  71  should  be  omitted  from  the  syllabus,  though 
included  in  a  course  in  Analytic  Geometry. 

12.  In  the  first  sentence  of  the  second  paragraph  of  the 
introduction  the  phrase  '*a  course  should  consist  chiefly  of 
problems''  should  be  changed  to  read  "a  large  number  of 
problems  should  supplement  the  treatment  of  general  prin- 
ciples. ' ' 

Calculus. 

The  committee  reports  very  favorably  on  the  syUabus  for 
the  first  part  of  calculus.  A  subcommittee  drew  up  a  synop- 
sis of  a  course  in  calculus  before  reading  the  syllabus  as 
printed  in  the  Bulletin.  The  two  did  not  differ  in  many 
essential  details.  The  main  question  that  came  up  was  whether 
a  topic  was  included  under  "those  facts  and  methods  which 
every  student  should  have  so  firmly  fixed  in  his  memory  that 
he  will  never  need  to  look  them  up  in  a  book.  * '  or  simply  under 
''those  topics  included  in  an  elementary  course  in  calculus." 
These  two  classes  are  referred  to  below  as  first  and  second 
classes.  The  specific  changes  suggested  in  the  syllabus  are  as 
f  oUows  : 

1.  Section  5.  Hyperbolic  functions  should  be  included  in 
the  second  of  the  above  classes.    ^Mnemonic  rules  for  changing 
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a   trigonometric   formula   to   the   corresponding   formula   in 
hyperbolic  functions  should  be  included. 

2.  Use  arcs  in  x,  arc  cosx,  etc.,  instead  of  sin-^  x,  cos"^  x,  etc. 

3.  Section  21  (Formal  work  in  integration).  Tables  of 
integrals  should  not  be  used  until  the  student  has  had  con- 
siderable practice  in  formal  integration. 

4.  Include  in  section  22,  integration  by  separation  into 
partial  fractions. 

5.  Much  practice  in  differentiation  and  integration  with 
respect  to  variables  represented  by  symbols  other  than  x,  y,  z 
should  be  given. 

6.  In  connection  with  differential  equations  (Sections  24, 
25,  26)  use  dry/dx-  instead  of  dy'/dx. 

7.  Include  linear  differential  equations  of  first  order  in  con- 
nection with  sections  25,  26, 

8.  Include  sections  15  (Theorems  on  infinitesimals),  22 
(Integration  formulas),  35  (Theorem  of  Duhamel),  38  (Sub- 
tangents,  subnormals,  etc.),  41  (Curvature),  in  the  second  of 
the  above  classes. 

9.  Include  angular  velocity  and  acceleration  in  section  42. 

10.  We  particularly  commend  sections  7,  12  (note)  and  14. 

Professor  A.  M.  Buck:  A  good  many  people,  and  espe- 
cially some  who  are  mathematicians,  forget  that  with  the  engi- 
neering student  mathematics  is  a  subject  that  is  taken  not  for 
its  own  sake,  but  in  order  that  problems  can  be  solved  after- 
wards. If  we  take  the  view-point  of  the  students  we  find  that 
they  appreciate  this  point  better  than  their  teachers  do.  Stu- 
dents have  told  me  that  they  could  not  get  along  in  mathe- 
matics because  they  did  not  know  what  use  they  were  going  to 
make  of  it.  Had  it  been  brought  to  their  attention  that  the 
mathematics  would  have  some  application  to  their  engineering 
work  they  would  have  gone  into  it  with  good  spirit  and  would 
have  obtained  more  benefit  from  the  work.  Taking  it  as  an 
abstract  study  they  simply  would  not  give  it  the  necessary 
time.  If  the  teacher  of  mathematics  will  look  at  his  subject 
from  an  engineering  view-point  and  see  that  those  things 
which  he  teaches  are  to  be  used  as  tools  and  that  the  better  the 


294  Discussio:s^  ox  mathematics  eepoet. 

student  has  his  tools  in  hand  the  better  work  he  can  do,  then 
there  will  be  an  improvement  in  the  teaching. 

Professor  H.  R.  Thayer:  I  am  going  to  state  my  opinion 
from  the  view-point  of  the  engineer.  I  have  spent  more  time 
outside  in  practice  than  I  have  in  teaching.  All  of  the  latter 
has  been  along  the  line  of  structural  design,  where  I  have 
been  using  the  work  of  the  mathematical  department.  In  the 
first  place,  in  my  experience  as  a  student,  mathematics  came 
fairly  easy  to  me.  I  found  that  when  an  examination  was 
imminent,  I  could  cram  up  for  it  the  night  before  and  forget 
it  afterwards.  That  is  about  what  nineteen  out  of  twenty 
students  will  do.  Complicated  notation  tends  to  discourage 
the  student  from  getting  what  is  extremely  important  to  get. 
namely,  fundamental  principles.  I  find  that  students  know 
their  mathematics  fairly  well  but  they  don't  know  how  to 
apply  it.  This,  it  seems  to  me,  is  far  more  important  for  them 
tx)  learn  than  such  extremely  complicated  mathematical  prob- 
lems as  are  often  given  them.  In  actual  engineering  experi- 
ence the  applications  of  any  but  these  fundamental  formula 
are  few  and  far  apart.  In  the  very  infrequent  cases  where 
the  more  complicated  formulae  are  used  it  is  only  necessary  to 
refer  to  tables  in  the  text-books,  as  the  majority  of  successful 
engineers  do  today.  In  my  opinion,  the  ideal  engineer  need 
not  have  an  extremely  mathematical  training.  In  running  a 
railroad,  it  is  far  less  important  to  get  the  line  exactly  curved 
and  mathematically  accurate,  than  it  is  to  run  it  where  it  will 
cut  least  into  expenses,  which  is  the  main  point  involved. 
Imaginary  quantities  do  not  teach  this.  The  student  must  be 
taught  to  use  eflSciency  engineering  in  handling  his  mathe- 
matics. If  this  can  be  taught  well,  we  shall  have  better  engi- 
neering students  than  if  we  attempt  to  teach  them  to  handle 
their  problems  by  imaginary  complex  quantities. 

Professor  G.  H.  Morse:  A  previous  speaker  has  referred 
to  alternating  currents  and  to  lack  of  familiarity  with  the 
mathematics  needed  for  this  subject.  I  wish  to  emphasize  the 
absolute  necessity  for  a  certain  amount  of  study  of  complex 
quantities  in  this  connection.     I  recently  made  a  tour  of  a 


DISCUSSION  ON  MATHEMATICS  KEPORT.  295 

number  of  western  institutions — Illinois,  Purdue,  Armour 
Institute,  and  Wisconsin — with  the  object  of  discovering  how 
the  professors  were  teaching  electrical  engineering.  At  Illi- 
nois I  found  Professor  Berg,  who  spent  a  great  many  years  at 
the  General  Electric  works  developing  their  many  products. 
I  learned  that  he  has  given  up  entirely  all  methods  of  teaching 
alternating  currents  except  that  involving  the  use  of  complex 
quantities  illustrated  by  graphics,  of  course.  He  insists  upon 
this  method,  both  for  himself  and  his  assistants.  The  so-called 
trigonometrical  methods  have  no  standing  with  him  whatever. 
At  Purdue  I  found  Professor  Harding,  and  his  attitude,  while 
not  as  radical  as  that  of  Professor  Berg,  was  very  similar. 
In  my  own  case  I  find  that  the  use  of  complex  quantities  in 
teaching  alternating  currents  is  wonderfully  elucidating  in 
certain  parts  of  the  subject. 

Some  years  ago  I  had  the  notion  that  there  was  mathematics 
for  engineers  to  use,  the  kind  that  is  a  necessary  evil,  and  that 
there  was  mathematics  for  mathematicians,  in  which  they  had 
great  pleasure  in  soaring,  and  which  they  jealously  guarded 
from  use,  preferring  not  to  have  any  practical  applications 
made  of  it.     Since  I  have  been  associated  with  the  mathe- 
maticians at  the  University  of  Nebraska  my  ideas  have  entirely 
changed.    I  now  find  that  every  stage  of  these  flights  in  pure 
mathematics  is  a  "short  cut."     The  higher  the  flight  the 
shorter  and  more  useful  the  cut.     If  only  the  engineers  can 
appreciate  these  flights  their  work  will  be  greatly  simplified. 
Professor  S.  B.  Charters,  Jr.:   I  wish  to  emphasize  the 
fact  that  we  are  dealing  in  engineering  with  two  totally  differ- 
ent classes  of  students.    In  every  group,  in  the  proportion  of 
about  one  to  fifteen  or  twenty,  there  is  one  engineer.    Such  a 
man  should  have  and  will  take  and  enjoy  the  fullest  mathe- 
matical training.    On  the  other  hand,  the  comparatively  larger 
number  are  not  engineers  at  all.    They  are  simply  men  who 
are  getting  a  certain  amount  of  engineering  training;  and 
these  men  fill  the  bulk  of  the  positions.    From  the  colleges  of 
the  west  a  great  many  must  go  out  into  practical  work  as 
mining  superintendents,  superintendents  of  construction  in 
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the  installation  of  plants,  etc.  Now  that  class  of  work  absorbs 
the  bulk  of  our  men,  and  these  have  no  use  for  higher  mathe- 
matics whatever.  It  might  be  a  help  to  them  and  it  might  not. 
Among  those  graduates  whom  I  have  observed,  the  ones  who 
have  had  the  best  success  have  not  been  great  mathematicians. 
The  highest  paid  man  we  have  among  our  alumni  today,  is  one 
who  could  not  pass  any  mathematical  examination.  I  am 
reasonably  certain.  We  have  a  few  men  who  graduate  every 
year  who  should  be  given  higher  mathematics.  We  have  a 
feeling  that,  if  it  were  possible,  engineering  should  be  divided 
into  two  courses;  the  longer  course  of.  say.  five  or  six  years, 
with  adequate  mathematical  training,  for  the  man  who  shows 
special  aptitude  on  those  lines.  Those  men  should  be  the 
leaders  in  the  designing  branch  of  the  profession.  A  second 
class  of  men  need  not  have  the  higher  mathematics,  but  should 
have  the  proper  training  in  handling  men.  These  must  do  the 
bulk  of  the  work.  We  need  a  certain  number  of  men  to  do  the 
designing  and  hand  down  formula  which  these  other  men  can 
follow.  We  need  more  men  to  take  those  mathematical 
formnlaB  and  from  them  get  the  results.  That  was  illustrated 
to  me  by  a  friend  who  stated  that  in  the  American  Bell  Tele- 
phone Company  there  is  one  man  who  does  the  principal 
mathematical  work  for  the  system.  In  each  division  they  have 
mathematicians  to  interpret  this  work  to  the  rank  and  file. 
Probably  twenty-five  or  thirty  experts  do  the  mathematical 
work  for  this  large  company  and  the  rest  of  it  is  done  by  the 
engineers  who  need  have  only  the  ordinary  mathematical 
training. 

Professor  H.  S.  Jacoby:  Allow  me  to  caU  attention  to  the 
fact  that  this  report  deals  with  minimum  requirements,  and 
that  we  should  express  our  appreciation  of  the  splendid  work 
done  by  the  committee.  The  report  may  not  be  perfect  in 
every  part,  but  it  will  be  worth  a  great  deal  to  have  it  adopted, 
printed  and  made  available  to  the  teachers  whose  work  is 
a5ected  by  it.  It  may  be  made  a  starting  point  for  definite 
recommendations ;  changes  may  be  made  later  as  the  necessity 
for  them  appears.     If  in  any  institution  the  mathematical 
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courses  are  of  such  a  character  as  to  require  enlargements  to 
conform  to  the  recommendations,  it  is  very  likely  that  they 
will  be  modified  in  time.  The  report  ought  not  to  be  a  hin- 
drance to  any  teacher  of  mathematics,  or  to  any  course  of 
study  which  is  now  more  extensive  in  its  scope. 

Professor  Webb:  It  occurs  to  me  that  there  is  something 
else  that  can  be  said  about  the  cause  of  the  trouble  between 
engineers  and  mathematicians.  An  engineer  very  often  has 
a  problem  that  he  does  not  see  through.  He  has  a  general 
idea  that  mathematics  is  a  powerful  instrument,  which  needs 
a  mathematician  to  solve  the  problem ;  and  he  thinks  that  if 
he  knew  a  little  more  mathematics  he  could  solve  it  himself. 
As  a  matter  of  fact,  the  problem  may  be  very  simple  as  to  its 
mathematics,  and  it  may  be  only  that  he  does  not  see  through 
its  practical  or  engineering  side.  A  school  teacher  came  to 
me  with  a  problem  a  few  days  ago  and  said  she  had  given  it 
to  different  people  to  solve,  and  some  advocated  one  solution 
and  some  another.  One  said  that  its  solution  needed  calculus ; 
I  thought  it  could  be  solved  quite  simply,  but  she  thought  not. 
This  was  a  problem  of  the  so-called  practical  variety.  A  barn 
forty  feet  square  has  a  horse  tethered  to  one  corner  of  it  by  a 
rope  one  hundred  feet  long.  How  much  grass  can  the  horse 
graze  over  without  going  over  the  same  grass  twice  ?  The  solu- 
tion of  this  is  very  simple,  but  one  should  not  expect  mathe- 
matics to  solve  it  before  the  problem  has  been  thoroughly 
analyzed.  Problems  of  this  nature  are  constantly  met  with  in 
engineering  work.  Very  little  mathematics  may  be  needed 
after  they  are  properly  analyzed,  but  if  this  calls  for  more 
common  engineering  sense  and  ingenuity  than  the  engineer 
has,  one  must  not  expect  the  average  mathematician,  much  less 
the  recruit  graduate,  to  make  good  the  deficiency. 
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BY   CHAS.    O.    GUXTHEE, 
Professor  of  Mathematics.  Stevens  Institute  of  Technology. 

1.  Derivation  of  formulie : 

€'6 1=  cos  ^  4- 1  sin  0,          e-'^  =  cos  6  —  j  sin  d, 
cos6  = ^ ,  isin^^ . 

2.  Definition  and  graphical  representation  of  a  complex 
quantity.  Polar  trigonometric  and  polar  exponential  eqniva- 
f ents  of  2  =  J  -f-  ^V>  that  is, 

2^p(cos^-j-tsin^),    polar  trigonometric; 
z  =  pe*^,  polar  exponential; 


in  which  p^\/x-  -\-y-  is  the  modulus  (the  positive  sign  being 
alwavs  associated  with  it) ;  and  6,  given  by  the  relation 
taji6=^y/x,  is  the  argumeyxi  of  z.  Any  multiple  of  2jr  may 
be  added  to  the  argument  without  altering  the  complex 
quantity. 

3.  Graphical  addition,  subtraction,  multiplication  and  divi- 
sion of  complex  quantities.  Graphical  solution  of  the  equa- 
tion .r"  =  1  =  0.     Logarithms  of  complex  quantities. 

APPLICATION'S    TO    INTEGRATION. 

4.  The  expression 

dy  =  tan-J"  6  sec*''*^  edS, 
in  which  p  and  r  are  positive  integers  or  zero,  is  by  the  substi- 

*  This  syllabus  was  prepared  as  an  appendix  to  the  report  of  the 
Committee  on  the  Teaching  of  Mathematics  to  Engineering  Students  at 
the  request  of  the  members  of  the  Society  present  at  the  Pittsbtirgh 
meeting. 
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tution  tan^  =  tsina  (a  being  an  imaginary  quantity)  trans- 
formed into 

dy:=i{ —  1 )  p  sin-P  a  cos^'"  ada. 

This  latter  expression  can  be  integrated  by  doubling  a  as  many 
times  as  necessary. 

The  foregoing  includes  the  integration  of  the  expression 

dy  =  cot^pecsc'''*^dde, 

since  the  latter  expression  may  be  written 

dy=-  tan^'-  (|-  -  6^  sec^^'  (^  -  6^  d  (^^,  -  6^  • 

As  found  in  text-books,  the  integration  of  the  expression 

dij  =  Gos^esinJ'ede  (1) 

is  readily  accomplished  in  three  cases,  namely: 

(a)  When  either  h  or  k  is  an  odd  positive  integer. 

( 6 )  When  h-\-k  is  a.n  even  negative  integer. 

(c)  When  both  h  and  k  are  even  positive  integers,  or  zero. 

The  first  two  of  these  cases  include  fractional  values  for 
h  and  k. 

By  means  of  the  substitution  given  above,  all  the  other  cases 
in  which  h  and  k  are  integers  can  be  brought  under  one  or 
more  of  the  three  cases  just  mentioned. 

In  the  above  are  also  included  all  the  cases  for  which  the 
general  binomial  differential  expression 

dy  =  x'"{a-^  hx^ ) P/«dx 

can  be  integrated  without  resorting  to  infinite  series.  This 
expression  is  only  another  form  of  (1),  since  ^/a-\-bx'*  can 
always  be  represented  by  one  of  the  three  sides  of  a  right 
triangle  and  therefore  expressed  as  a  trigonometric  function 
of  one  of  the  acute  angles  of  the  triangle. 

In  determining  the  value  of  a  definite  integral,  if  the 
variable  is  changed  the  limits  should  be  changed  to  correspond. 
For  example,  in  finding  the  length  of  the  arc  of  the  parabola, 
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y-:^4:ax,  from  the  vertex  to  the  point  (a,  2a),  we  have 


/»tan  e 

=  2a   I 

t/tan  e= 


tan  9=1 


sec 

0 


/^i  sin  o=l  /»i  sin  o=l 

=  2a/  I  cos-  afZa  =  a/    I  (^  +  *^os  2a)f?a 

«^i  sin  0=0  »>'i  sin  a=0 

T  i  sin  a=l 

=  a  log^  (cos  a  -j-  i  sin  a)  +  ai  sin  a  cos  a  +  C 

J  (  Bin  a=0 

=  a[log.(i/2  +  l)  +  i/2]. 

Further  applications  of  complex  quantities  to  integration 
will  be  found  in  the  author's  discussion  on  p.  283, 


THE  TEACHING  OF  ELEMENTARY  DYNAMICS. 

BY  WILLIAM  KENT, 
Montclair,  N.  J. 

In  the  preceding  pages  is  given  the  revised  report  of  the 
Committee  on  the  Teaching  of  ^Mathematics  to  Engineering 
Students,  which  committee  was  appointed  at  a  joint  meeting 
of  the  American  Mathematical  Society  and  Sections  A  and  D 
of  the  American  Association  for  the  Advancement  of  Science 
in  December,  1907. 

The  preliminary  report  of  the  committee  was  presented  in 
the  form  of  galley  proofs  at  the  meeting  of  the  Society  for  the 
Promotion  of  Engineering  Education  at  ^Madison,  "Wis.,  in 
June,  1910.  This  preliminary  report  contained  a  chapter  on 
*  *  Elementary  Dynamics, ' '  a  criticism  of  which  by  the  present 
writer  was  printed  in  Science,  oMay  5,  1911.  At  the  Pitts- 
burgh meeting,  in  June,  1911,  it  was  announced  that  the  chap- 
ter had  been  withdrawn  from  the  report,  as  the  committee  had 
not  been  able  to  agree  upon  the  method  of  presenting  the  sub- 
ject. Tliis  action  of  the  committee  is  in  harmony  with  that  of 
a  conference  of  teachers  of  physics  in  1909,  a  majority  of 
whom  signed  a  statement,  "that  colleges  should  require  of 
schools  no  quantitative  treatment  of  kinetics,  or  the  behavior 
of  matter  undergoing  acceleration."  (See  Science,  October 
29  and  December  24,  1909.) 

The  reasons  why  many  teachers  find  it  so  diflBcult  to  teach 
dynamics  and  why  conferences  of  teachers  and  committees  fail 
to  come  to  an  agreement  as  to  the  methods  of  teaching  it,  have 
been  given  at  some  length  by  the  writer  in  three  articles  in  Sci- 
ence of  December  24,  1909.  May  27,  1910,  and  May  5, 1911,  and 
it  is  not  necessary  to  repeat  them  here.  Let  us  acknowledge 
the  lack  of  agreement  and  see  if  some  basis  can  be  found  upon 
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which  an  agreement  niav  ultimately  be  founded.  There  is  no 
difference  of  opinion  as  to  the  fundamental  facts  of  dynamics. 
Everyone  knows  that  matter  is  stuff  that  occupies  space  and 
is  attracted  by  the  earth's  gravitation,  and  that  its  quantity 
can  be  ascertained  by  weighing  it.  Everyone  knows  that 
force  is  either  a  push  or  a  pull,  and  that  the  amount  of  a  force 
can  be  ascertained  by  means  of  a  spring  balance.  Everyone 
knows  what  is  meant  by  the  words  time  and  space.  Every 
teacher  of  physics  or  mechanics  can  easily  calculate  the  re- 
sults which  follow  the  action,  for  a  given  time,  of  a  constant 
force  upon  a  given  quantity  of  matter  which  is  free  to  move, 
and  he  has  definite  concepts  of  velocity,  acceleration,  momen- 
tum, energy,  etc.  It  is  only  when  the  teacher  attempts  to 
convey  his  knowledge  to  the  student  that  he  meets  with 
trouble. 

In  the  writer's  opinion  the  difficulty  is  not  due  to  the  facts 
but  only  to  the  language  in  which  the  facts  are  presented. 
The  writers  of  text  books  have  made  the  subject  obscure  by 
using  new  forms  of  words  to  express  their  ideas,  by  inventing 
new  terms,  such  as  the  ''poundal"  and  "gee-pound,"  and  by 
lack  of  clearness  and  precision  of  statement.  "WTiat  is  wanted 
is  to  put  the  subject  of  elementary  dynamics  into  language 
which  can  be  understood  by  every  high  school  student,  so 
brief  that  it  can  be  memorized,  scientifically  correct,  and  un- 
encumbered by  unnecessary  ideas  or  words. 

The  following  is  an  attempt  to  meet  this  requirement.  '  The 
writer  asks  for  it  the  careful  attention  of  teachers  of  engineer- 
ing students,  and  if  anyone  is  disposed  to  object  to  it  either  in 
gross  or  in  detail,  will  he  kindly  write  out  his  own  method  of 
presenting  the  subject  for  the  purpose  of  comparing  it  with 
the  writer's  method.  Constructive  criticism  is  wanted,  with 
the  end  in  view  of  ultimately  finding  a  form  of  words  which 
text-book  writers  will  adopt  as  the  form  which  will  most 
easily  give  the  student  the  ideas  he  should  have  concerning 
elementary  dynamics. 
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Elementary  Dynamics,  English  System. 
We  deal  with  four  things  or  elementary  quantities: 
Matter,  TT  pounds 

Force,  F  pounds 

Time,  T  seconds 

Space,  S  feet 

and  two  derived  quantities,  velocity,  V  feet  per  second,  and 
acceleration,  A,  the  rate  of  change  of  velocity,  feet  per  second 
per  second. 

Fundamental  Statement. — A  force  F  acts  during  a  time  T, 
on  matter  W,  at  rest  at  the  beginning  of  the  time,  but  free  to 
move,  and  causes  it  to  move  during  the  time  T,  through  a  dis- 
tance S.  It  is  required  to  find  the  relations  or  algebraic  equa- 
tions between  the  several  quantities  W,  F,  T,  S,Y,  A.  Thus 
if  a  given  force  F  acts  on  a  given  quantity  of  matter  W  at 
rest  but  free  to  move,  what  is  the  velocity  V,  acquired  at  the 
end  of  that  time,  what  is  the  acceleration,  and  what  distance 
does  the  body  move? 

I.  Special  Case:  Falling  Bodies. — F  and  TT  are  constant 
and  numerically  equal;  F=W.  It  is  found  by  experiment 
that  a  body  falling  freely  (at  lat.  45  degrees  and  the  sea  level) 
from  a  state  of  rest  for  one  second,  acquires  by  the  end  of  the 
time  a  velocity  of  32.174  ft.  per  second.  This  figure  is  repre- 
sented by  g. 

It  is  also  found  that  at  the  end  of  times 

r=  1     2     3       4       5  seconds. 
The  velocity  V=  g  2g  3g     Ag     5^  feet  per  sec. 
Thespace  traversed  each  sec. '9=^5'  ^g  ^g     ^g     |^  feet. 

Total  space  traversed=^p'  |<7  ^g  i^  ^^^^  feet. 

If  Vi  =  the  velocity  at  the  beginning  of  any  period  of  time  t 
and  V2  the  velocity  at  the  end  of  that  period,  the  acceleration 

V  —  V 

A  =  — ^ — '  =  9,  ^  constant. 

Thus  let  t  =  the  two  seconds  elapsing  between  the  end  of  the 
third  and  the  end  of  the  fifth  seconds, 
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t        ~       2 


=  9- 


Also  A  =  y/T^g,  V  being  the  velocity  at  the  end  of  any 
time  T. 
From  these  experimental  facts  we  derive  the  equations 

V=gT-     S=yr  =  lVT;     r=|^';     V' =  2gS ; 

v=vm;    ^=1^''    -^  =  9' 

W  and  F  do  not  appear  in  these  equations,  but  since  in  the 
case  considered  W  =  F,  we  may  multiply  (or  divide)  one 
side  of  either  of  the  above  equations  by  W  and  the  other  side 
by  F,  and  they  will  remain  true,  thus  we  obtain 

W 
FT=—V;     AW=Fg, 

whence  F/A  =  W/g. 

If  we  substitute  the  letter  M  for  W/g  we  have 

FT  =  MY;    F  =  MA. 

II.    General  Case. — F  equal  to,  or  greater  or  less  than  TV, 

let  a  =  the  acceleration  =  >  or  <  gr. 

It  is  found  by  experiment  that  if  TT  is  constant  and  it  is  acted 
on  by  different  forces  F^,F^,F^  (at  different  times),  the 
accelerations  produced,  a^,  aa,  a^,  are  directly  proportional  to 
the  forces. 

Also  if  the  force  is  constant,  and  it  acts  on  different  quan- 
tities of  matter,  TF^,  TFg,  TTg,  the  accelerations  a',  a",  a'",  are 
inversely  proportional  to  the  W's. 

These  two  facts  are  expressed  by  the  formula  a  x  F/TT 
which  is  read :  a  varies  directly  as  F  and  inversely  as  TT. 

From  algebra  we  know  that  the  expression  a  x  F/TT  is 
equivalent  to  a  =  cF/Tr,  or  a'W^cF,  in  which  c  is  a  con- 
stant for  all  values  of  F  and  W. 
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From  falling  bodies  we  have  AW  =  gF,  therefore  the  value 
of  c  IS  g,  and  aW  =  gF  is  a  general  equation  for  any  value  of 
F  and  the  corresponding  acceleration  produced  by  F-  and 
since  a  =  V/T  we  have  FT  =  MV,  F  =  MA,  as  in  the'  case 
of  falling  bodies. 

These  equations  are  therefore  general  and  apply  to  all  cases 
of  the  action  of  a  constant  force  on  a  body  free  to  move. 

The  expression  FT  =  MV  is  sometimes  translated  "Im- 
pulse =  momentum, "  but  impulse  is  merely  the  product  FT 
and  momentum  the  product  MV. 

Energy,  the  capacity  for  performing  work.  Work  is  the 
product  FS  (in  foot-pounds)  of  a  force  into  the  distance 
through  which  it  is  exerted.  If  we  lift  a  body  of  W  pounds 
by  applying  a  force  F=W,  overcoming  gravity,  through  a 
height  S,  the  work  done  is  FS=WS.  Wlien  held  at  that 
height  the  body  is  said  to  have  potential  energv  WS.  If  it  now 
falls  through  the  height  S,  it  acquires  a  velocity  V=^2^ 
and  the  body  now  has  kinetic  energy,  numericallv  equal  to  the 
work  done  in  lifting  it,  FS=WS.  Substituting  for  the  last 
^  Its  value  V^-/2g  we  have  FS=WV^/2g  =  mV^-,  the  equa- 
tion of  work  done  and  kinetic  energy. 

IMetric  System, 
In  the  metric  system  of  weights  and  measures  all  the 
formula  given  above  apply  just  as  they  do  in  the  English 
system,  but  the  word  ' '  kilograms ' '  is  substituted  for  ' '  pounds ' ' 
and  "meters"  for  "feet,"  and  the  value  of  g  is  9.807  meters 
or  980.7  centimeters. 

C.G.S.  System. 

In  the  C.G.S.  (centimeter-gramme-second)  system,  space  S 
is  measured  in  centimeters,  quantity  of  matter  M,  in  grammes 
time  T,  in  seconds,  and  force  F,  in  dynes,  a  dyne  being  de- 
fined as  that  force  which  acting  for  1  second  will  give  to  1 
gramme  of  matter  a  velocity  of  1  centimeter  per  second,  or 
It  IS  %8o.7  of  the  force  which  gravity  exerts  on  a  gramme  of 
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matter  at  lat.  45°  at  the  sea  level.     The  value  of  g  is  980.7 
centimeters. 

Definitions. 

One  pound  of  matter  is  the  quantity  of  matter  contained 
in  the  standard  pound,  a  piece  of  metal  preserved  in  London, 
One  pound  force  is  the  force  which  gravity  exerts  on  a  pound 
of  matter  at  lat.  45°  at  the  sea  level,  or  that  force  which  ^^'ill 
give  to  matter  free  to  move  an  acceleration  of  32.174  feet  per 
second  per  second. 

Weight. — The  word  "weight"  is  used  in  two  senses,  just  as 
the  word  "pound"  is,  to  express  both  quantity  of  matter  and 
the  force  which  gra\ity  exerts  on  matter.  If  the  pound  force 
is  rigidly  defined  as  above  and  if  the  quantity  of  matter  is 
determined  by  weighing  it  on  an  even  balance  or  platform 
scale  (not  a  spring  balance)  no  confusion  need  result,  for  the 
pounds  weight  (quantity)  and  the  pounds  force  are  numeri- 
cally equal  to  each  other. 

If,  however,  the  weighing  is  done  on  a  spring  balance  (since 
the  force  of  gravity  varies  at  different  latitudes  and  different 
elevations  above  sea  level)  the  apparent  or  "local"  weight 
may  differ  as  much  as  1  part  in  1,000  from  the  true  weight 
(quantity)  as  determined  by  weighing  on  an  even  balance. 

Ma^s. — In  the  C.G.S,  system  the  word  "mass"  is  used  for 
quantity  of  matter  M.  In  the  English  system  the  word 
"mass"  and  the  letter  M  are  used  to  express  the  quotient 
W/g  or  the  quantity  of  matter  in  pounds  divided  by  32.174. 

On  account  of  the  ambiguity  and  double  use  of  the  words 
weight  and  mass,  both  of  these  words  have  been  omitted  in 
the  above  elementary  discussion  of  the  subject.  The  word 
"unit"  has  also  been  omitted. 

The  following  equations  should  be  memorized  and  clearly 
understood  by  the  student:  M  =  W/g;  FT  =  MV;  F  =  MA; 
FS  =  IMV-;  V=\/2gH.  {H  =  the  height  a  body  falls  to 
acquire  the  velocity  V.) 


BALANCE   OF   COURSES   IN    CHEMICAL 
ENGINEERING. 

BY    CHARLES    H.    BENJAMIN, 
Dean  of  the  Schools  of  Engineering,  Purdue  University. 

Introduction. 

Chemical  Engineering  as  a  distinct  profession  is  growing 
and  its  development,  although  steady,  is  slow.  The  pressure 
for  the  introduction  of  separate  courses  in  this  branch  of 
engineering  has  come  from  without  rather  than  from  within. 
Professors,  whether  of  chemistry  or  of  engineering,  have  been 
inclined  to  look  askance  on  this  newcomer  as  the  offspring  of 
an  unholy  alliance,  but  the  growing  demand  for  men  who 
possess  a  working  knowledge  of  both  professions  is  gradually 
reconciling  them  to  the  new  arrangement. 

In  studying  the  development  of  chemical  engineering,  we 
have  but  to  hark  back  twenty  years  and  read  the  description 
in  college  catalogs  of  the  courses  in  electrical  engineering  as 
they  then  existed. 

The  increasing  use  of  electricity  in  the  production  of  light, 
heat  and  power  and  in  telephone  service  brought  with  it  a 
demand  for  men  who  combined  engineering  training  with  a 
knowledge  of  the  new  agent.  This  demand  received  at  first 
a  half-hearted  consideration  from  the  faculties  of  our  engi- 
neering schools.  Perhaps  the  professor  of  physics  took  charge 
of  the  new  department,  bought  a  dynamo  or  two  and  grafted 
a  little  engineering  on  the  science  course.  More  frequently 
the  professor  of  mechanical  engineering  assumed  a  double 
title  and  brushed  up  his  knowledge  of  volts  and  amperes. 

Gradually  the  warring  elements  were  brought  into  har- 
monious relations,  the  useful  was  retained,  the  useless  dropped, 
and  under  the  administration  of  an  electrical  engineer,  the 
course  attained  the  place  and  the  dignity  which  it  deserved. 

In  a  somewhat  similar  way,  new  enterprises  and  new  combi- 
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nations  are  seeking  for  men  who  have  both  chemistry  and 
engineering,  and  these  men  will  be  called  in  the  future 
"chemical  engineers." 

The  professor  of  chemistry  and  the  professor  of  mechanical 
engineering  are  just  now  a  trifle  at  sea  as  to  the  parentage  of 
this  last  addition  to  the  college  family,  but  we  have  a  right 
to  infer  from  past  history  that  their  differences  will  be  ad- 
justed, that  the  right  balance  will  be  established  and  that 
under  the  leadership  of  a  chemical  engineer,  the  new  course 
will  take  its  rightful  place  among  its  brethren. 

Definition. 

The  chemical  engineer  may  perhaps  be  described  as  a  man 
who  is  competent  to  so  superintend  a  manufacturing  plant 
as  to  insure  both  the  chemical  purity  of  the  product  and 
economy  in  the  mechanical  operation  of  the  factory.  As  a 
natural  result  of  conservation  and  concentration,  establish- 
ments are  now  built  and  equipped  for  the  manufacture  on  a 
large  scale  of  various  products  used  in  the  arts,  which  were 
formerly  made  in  smaller  quantities  at  a  much  greater  unit 
cost.  Paints  and  oils,  varnishes,  acids,  petroleum  products, 
soap,  sugar,  starch,  glass,  pottery,  explosives,  paper,  cement, 
bleaching  powders,  nitrates. — are  examples  of  products  re- 
quiring for  their  economical  manufactiire,  knowledge  of  both 
mechanical  and  chemical  processes. 

Some  companies  have  attempted  to  solve  the  problem  by 
employing  two  men,  an  engineer  and  a  chemist,  and  trusting 
to  their  joint  efforts.  At  its  best,  dual  control  is  unsatis- 
factory and  inefficient,  leading  to  divergence  and  misunder- 
standing. The  one  man  should  rule  and  he  should  be  capable 
of  meeting  all  problems  that  arise,  whether  chemical  or 
mechanical. 

How  Taught. 

There  have  been  and  still  are  marked  differences  of  opinion 
among  educators  as  to  the  methods  of  teaching  chemical  engi- 
neers and  as  to  the  relative  amounts  of  engineering  and  chem- 
istry to  be  put  in  the  curriculum.     Naturally,  when  the  de- 
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partment  has  been  an  outgrowth  or  development  of  the  course 
in  chemistry,  that  science  has  received  the  more  attention. 
In  other  colleges,  the  addition  of  more  chemistry  to  the  course 
in  mechanical  engineering  has  left  the  greater  weight  on  the 
engineering  side. 

TABLE   I. 

Chemical  Engixeebiko.    Actual  Houes  peb  Week. 


Michigan. 

Massa- 
chusetts. 

Purdae. 

Wisconsin. 

Rec. 

L»b. 

Bee. 

Lab. 

Rec 

Lab. 

Rec. 

Lab. 

4 
16 

8 
8 

8 

9 

16 

6 

6 

8 

Economics 

Letters 

20 

24 

31 

14 

Mathematics 

18 

8 

...... 

14 
11 

...... 

22 
9 

"■4" 
4 

19 
8 

Physics 

8 

General  science 



Science 

26 

6 

25 

6 

31 

8 

27 

8 

Drawing 

12 
12 

""e 

6 
6 

"s" 

9 
2 

32 
2 

""2" 
3 

...... 

8 
6 

24 

12 

2 

3 

6 

'13* 
8 
4 

18 

Shop 

10 

Mechanics 

4 
4 
2 
2 

^techanical  engineering 

19 

Electrical  engineering 

8 

Ciyil  engineering 

Eneineeriner 

12 

42 

19 

39 

22 

47 

25 

55 

General  chemistry 

4 
4 
4 
6 
12 

"12" 
18 

"21" 

7 

...... 

6 
2 
6 

8 

8 

21 

11 

12 

4 
4 
4 
4 
8 

6 
12 
12 
12 
24 

4 
2 
2 
4 
11 

8 

Qual itatiye  anal ysis 

8 

Qu&ntitatiye  analysis 

Organ  ic  chem  ist r y 

8 
1? 

Industrial  chemistry 

18 

Inorganic  chemistry 

Theoretical  chemistry 

6 

Chemistry 

29 

51 

28 

66 

24 

66 

23 

54 

Electiyes  theses 

5 

12 

4 

24 

Totals 

92 

111 

96 

111 

108 

121 

93 

141 

The  accompanying  tables  and  diagrams  show  the  distribu- 
tion of  work  by  hours  in  the  chemical  engineering  courses  of 
eight  representative  institutions.  These  figures  were  origin- 
ally compiled  from  catalogues  and  in  all  cases  but  one  were 
referred  to  the  professors  in  the  various  colleges  for  correc- 
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TABLE    II. 
Chemical  Engineering.     Actual  Hours  per  Week. 


niiDoiB. 

Pennsylva- 
nia State. 

University 
of  Penn- 
sylvania. 

Columbia. 

Rec 

Lab. 

Rec 

Lab. 

Rec. 

Lab. 

Rec. 

Lab. 

6 

8 
6 

13 
15 
14 

9 

12 

3 

20 

42 

24 

15 

"io 

6 

20 

7 

""i" 

18 

7 
2 

...... 

16 

12 

Physics... 

General  science 

'e 

23 

16 

27 

4 

27 

4 

27 

6 

Drawing 

2 

17 

7 

4 

...... 

'  "l7 

19 

9 

12 

12 

...... 

12 

4 

"l2 
19 

4 
2 

*^o 

Shop 

7 

8 
3 

3 

6 

7 

12 

6 

6 

12 

Electrical  engineering 

8 

Civil  engineering 

10 

Engineering 

11 

9 

27 

43 

45 

42 

41 

58 

5 
1 
4 
6 
14 

8 

7 

20 

12 

30 

6.5 

""i" 

2 
11 

5 

7.5 
16.5 

36" 

6 
10 
12 

8 

7 

12 
18 
18 
20 
17 

6  

4      13 

Quantitative  analvsis 

8      24 

101     18 

Industrial  chemistry 

Inorganic  chemistrv 

38      22 

Theoretical  chemistry 

2 

6 

Chemi«trv  

30 

77 

21.5 

65 

45 

91 

66      77 

Elective  theses 

2 

4 

Totals 

86 

106  117.5 

112 

141 

137 

134     141 

tion.     They  probably  represent  closely  enough  for  our  pur- 
pose the  relative  times  assigned  to  the  different  branches. 

For  convenience  of  comparison,  the  subjects  have  been  ar- 
ranged in  four  groups:  (1)  Letters,  comprising  all  language 
"vrork,  economics  and  history;  (2)  science,  embracing  mathe- 
matics, physics  and  geology;  (3)  engineering,  covering  all 
technical  subjects  not  chemical  in  character;  (4)  chemistry, 
embracing  all  chemical  subjects  whether  theoretical  or 
technical. 
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The  exact  arrangement  and  definition  of  subjects  in  the 
chemical  group  is  probably  not  always  correct  but  as  the 
comparison  is  to  be  made  by  groups,  this  is  not  important. 

The  tables  show  the  actual  or  clock-hours  per  week  for  the 
entire  course  added  together. 

Diagram  1  represents  the  times  of  the  various  groups 
graphically,  the  upper  line  in  each  ease  being  class  room  work 
and  the  lower  line  laboratory,  shop  or  drafting  room  time. 

— Clock  Hours  — 

go     40     60     80     100     120     lAO    160     180 


Diagram  1. 
In  Diagram  2,  the  two  sets  of  hours  have  been  added  by 
reducing  to  credit  hours.    Each  class  room  hour  is  rated  as 
one  credit  hour  and  two  and  one-half  laboratory  hours  are 
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allowed  the  same  weight.  This  is  the  ratio  obtaining  at 
Purdue  University  and  is  about  an  average  of  those  in  com- 
mon use. 

Whenever  the  hours  of  chemistry  are  divided  in  two  parts, 
the  right  hand  portion  represents  elective  work  and  is  not 
necessarily  chemistry. 

— Credit  Hours  — 

20      40      60      80     100     120     140     160     ISO 


Michigan 
Mass.  Inst. 

Wisconsin 
Purdue 

^^ 

" '  '.i.ij.i, 

Illinois 

-1 

r^NNOTATE 

U.  OF  ntNN 

Columbia 

LIT. 

SCI. 

ENG. 

CHEM 

1 

Diagram  2. 
In  Diagram  2,  the  first  four  lines  represent  the  courses  at 
present  in  the  ^Massachusetts  Institute  of  Technology  and 
in  the  universities  of  I\Iichigan.  YTisconsin  and  Purdue.  These 
are  somewhat  similar  in  the  balance  of  subjects  and  perhaps 
represent  a  happy  mean.  The  percentages  of  total  time  are 
as  follows : 
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TABLE    III. 


Michigan 

Massachusetts  Institute- 
Wisconsin 

Purdue 


Average. 


Letters. 

Science. 

Eugineering. 

14.7 

17.1 

9.4 

19.9 

20.6 
19.3 
20.0 
2L8 

21.3 
25.0 
31.3 
26.2 

15.3 

20.4 

25.9 

Chemistry. 


43.4 
38.6 
39.3 
32.1 


38.4 


Or,  in  round  numbers, 


15 


20 


25 


40% 


The  courses  represented  by  the  last  four  lines  in  Diagram  2 
can  not  be  so  easily  averaged.  Not  only  do  the  totals  differ 
considerably  but  the  percentages  of  subjects  vary  widely. 

TABLE    IV. 


Letters. 

ScieDce. 

Engineering. 

Chemistry. 

Illinois 

15.5 
25.8 
12.3 

22.5 
17.8 
14.8 
15.3 

11.6 
27.0 
31.8 
33.6 

50.4 

Pennsylvania  State 

29.4 

University  of  Pennsylvania.... 
Columbia 

41.0 
51.1 

Examining  the  tables  and  diagrams  somewhat  in  detail,  we 
find  that  IMichigan  differs  from  the  other  three  in  Table  III. 
by  having  less  engineering,  and  reference  to  Table  I.  shows 
this  deficiency  to  be  due  to  a  relatively  light  class  room 
schedule  in  mechanics  and  mechanical  engineering.  Wis- 
consin is  noticeable  for  the  small  amount  of  time  in  letters. 
A  few  hours  taken  from  engineering  and  added  to  letters 
would  restore  the  balance. 

Illinois  has  relatively  less  engineering  and  more  chemistry 
than  the  other  institutions,  while  the  total  number  of  hours 
is  less  than  the  average.  Reference  to  Table  II.  shows  this 
to  be  due  to  the  almost  entire  absence  of  mechanical  and 
electrical  engineering. 

The  course  at  Pennsylvania  State  College  is  marked  by  a 
relatively  large  amount  of  letters  and  a  small  amount  of 
chemistry,  in  other  words,  the  course  is  broader  and  less 
technical  than  the  others. 

The  two  last  institutions  on  the  list,  Pennsylvania  and 
Columbia,  have  apparently  much  heavier  schedules  than  is 
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usual,  averaging  thirty-three  per  cent,  greater  than  the  145 
hours  which  represents  the  mean  weight  of  the  courses  in 
Table  I. 

Comparisons  of  total  weight  are,  however,  somewhat  un- 
certain, owing  to  the  different  ratios  used  in  determining 
credit  hours  at  the  various  institutions. 

A  peculiarity  of  the  course  at  Columbia  is  the  omission  of 
all  work  in  language  or  economics,  the  schedule  being  entirely 
of  a  technical  character.  The  wisdom  of  this  is  doubtful. 
It  is  but  fair  to  say  that  a  collegiate  preparation  is  recom- 
mended and  that  the  regular  requirements  for  admission  to 
the  school  include  considerable  language  and  history. 

In  institutions  for  the  ]Middle  "West,  it  is  necessary  for  a 
well-balanced  education  that  literary  training  should  form  a 
considerable  part  of  the  technical  courses. 

Cornell,  "Worcester  and  ^Minnesota  have  not  been  included  in 
the  list.  At  Cornell  there  is  no  course  in  chemical  engineering 
as  such.  A  special  course  in  chemistry  allows  the  student  to 
take  a  small  amount  of  engineering  work,  amounting  to  about 
20  credit  hours  for  the  entire  course.  Similarly,  students  in 
mechanical  engineering  may  take  certain  electives  in  chem- 
istry covering  10  or  12  credit  hours. 

At  Worcester,  a  fifth  year,  leading  to  the  degree  of  chemical 
engineer  is  added  to  the  regular  course  in  chemistry  and  is 
made  up  almost  entirely  of  mechanical  and  electrical  engi- 
neering subjects. 

At  ]\Iinnesota  there  is  a  five-year  course  in  applied 
chemistry. 

The  work  at  the  three  institutions  last  named  can  not  con- 
sistently be  compared  with  the  four-year  courses  shown  in  the 
tables. 

ADMINnSTRATIGN. 

The  location  and  administration  of  courses  in  chemical 
engineering  vary  so  widely  that  no  general  statement  can  be 
formulated  as  may  be  seen  by  reference  to  Table  V. 

The  tendency  seems  to  be  to  regard  this  course  as  belonging 
with  the  eneineerins  courses  in  the  school  or  coUesre  of  engi- 
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TABLE    V. 


Institution. 

Course  in  Chemical  EngineeriDg. 

School  or  College. 

Administrator. 

Michigan 

Engineering. 

Chemistry. 
Engineering. 

Engineering. 
Science. 
Natural  science. 

Engineering. 
Mines,  engineering  and 
chemistry. 

Professor     of     chemical 

Massachusetts  Institute... 
Wisconsin 

engineering. 

Professor  of  chemistry. 

Professor  of  applied  elec- 
tro-chemistry. 

Professor  of  chemistrv. 

Purdue 

Illinois 

Pennsylvania  State 

L'niversitv    of    Pennsyl- 
vania  

Columbia 

Professor  of  chemistry. 
Professor  of  chemistry. 

Professor  of  chemistry. 
Professor    of    industrial 
chemistry. 

neering.  On  the  other  hand,  it  is  usually  administered  by  a 
chemist.  At  Michigan,  "Wisconsin  and  Columbia  he  is  to  all 
intents  and  purposes  a  chemical  engineer,  if  we  may  judge 
by  his  title. 

Conclusions. 

The  chemical  engineer  occupies  a  different  field  from  that 
of  the  analytical  chemist  and  requires  a  different  training. 
The  analytical  chemist,  as  employed  for  instance,  in  the  manu- 
facture of  iron  and  steel,  is  usually  a  subordinate ;  he  examines 
the  product  and  determines  its  good  or  bad  characteristics  but 
has  Little  or  nothing  to  do  with  the  management  of  the  busi- 
nes.s  or  the  superintendence  of  the  processes  of  manufacture. 

On  the  other  hand,  the  chemical  engineer  in  a  cement  or  an 
acid  factory  may  well  be  the  superintendent  or  works  manager 
and  must  be  competent  to  direct  the  mechanical  as  well  as 
the  chemical  processes  of  manufacture,  to  buy  and  maintain 
machinery  and  to  hire  and  discharge  men.  He  must  then 
have  a  fair  engineering  training  in  addition  to  a  working 
knowledge  of  technical  or  industrial  chemistry.  His  course 
in  college  must  not  be  narrow  but  broad  and  general  and  it 
is  better  that  the  course  be  administered  by  a  chemical  engi- 
neer, one  who  is  entirely  competent  himself  to  fill  the  posi- 
tions for  which  he  is  trying  to  fit  the  student. 

No  attempt  has  been  made  in  this  paper  to  discuss  the 
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technical  details  of  tlie  work  either  in  chemistry  or  engineer- 
ing. Perhaps  some  difference  of  opinion  may  exist  as  to  the 
proper  place  of  subjects  snch  as  electro-chemistry,  but  in  this 
analysis  everything  has  been  credited  to  chemistry  which 
involves  chemical  knowledge  and  manipulation. 

As  most  of  the  material  herein  used  has  been  taken  from 
current  catalogs,  some  mistakes  may  have  occurred,  but  it  is 
believed  that  the  relative  proportions  have  been  preserved. 
It  is  hoped  that  attention  may  be  called  to  any  mis-statements 
or  inaccuracies  as  the  sole  purpose  of  the  paper  is  to  bring 
out  facts  as  a  basis  for  discussion. 

Discussion. 

Dean  F.  L.  Bishop:  A  description  of  the  work  in  this  line 
which  we  are  undertaking  at  the  University  of  Pittsburgh  may 
be  of  interest.  The  students  in  Chemistry  have  a  course  in 
engineering  administered  in  connection  with  our  cooperative 
system  by  which  the  student  will  have  a  year  of  practical  work 
in  some  of  the  industries  of  this  district.  During  the  senior 
year  he  will  do  his  research  work,  or  at  least  he  will  assist 
some  of  the  Fellows  in  Industrial  Research  in  work  along  some 
particular  industrial  line.  For  instance,  we  have  industrial 
fellowships  in  glass  manufacture  and  the  student  may  take  up 
work  in  this  line  in  the  research  laboratory  and  do  cooperative 
work  in  some  of  the  larger  glass  plants.  The  object,  at  the 
present  time,  of  our  course  in  chemical  engineering  is  to 
develop  a  man  who  can  take  up  some  particular  subject  and 
carry  it  on  with  success  after  he  leaves  us. 

Professor  Hugh  Miller:  Mention  is  made  in  the  paper  of 
the  encroachment  of  the  chemical  engineer  upon  the  domain 
of  the  mechanical  engineer,  but  no  mention  is  made  of  the  fact 
that  he  is  also  encroaching  upon  the  domain  of  the  civil  engi- 
neer. I  refer  to  the  work  in  sanitary  engineering  more  par- 
ticularly, where,  in  sewage  disposal  and  in  the  filtration  of 
water,  the  chemical  engineers  are  planning  to  supplant  the 
civil  engineers.  A  great  deal  of  work  has  been  thus  taken 
away  from  the  civil  engineer  in  times  past,  and  this  will  un- 
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doubtedly  continue  as  long  as  the  present  tendency  toward 
specialization  exists. 

Professor  Morse:  The  civil  engineer  has  spoken  and  the 
mechanical  engineer  has  been  spoken  for,  and  with  reference 
to  electrical  engineering  there  is  a  vast  field  that  is  at  present 
common  to  the  chemical  engineer  and  electrical  engineer,  the 
field  of  electricity  and  chemistry  combined.  At  the  University 
of  Nebraska  electrical  engineering  has  usurped  the  field  of 
electro-chemistry  to  a  large  extent.  We  have  a  special  course 
in  electro-chemical  engineering  and  have  begun  to  feel  rather 
at  home  in  that  subject.  I  confess,  however,  that  I  have  my 
doubts  concerning  the  legitimacy  of  it,  and  that  field,  even 
including  some  electrical  work,  belongs  already,  or  will  belong 
ultimately,  to  the  chemical  engineer.  This  follows  because  the 
major  part  of  the  information  needed  to  carry  on  the  work  in 
that  line  is  purely  chemical. 

Dean  G.  G.  Pond  (by  letter)  :  The  Pennsylvania  State  Col- 
lege has  graduated,  from  its  chemistry  courses,  about  two 
hundred  men  who  are  actively  engaged  in  work  with  a  great 
variety  of  chemical  industries.  Some  twelve  years  ago  a  con- 
siderable number  of  these  graduates  had  been  urging  the 
establishment  at  the  college,  of  a  course  calculated  to  turn  out 
men,  who  should  be  trained  chemists  as  before,  but  who  would 
be  better  acquainted  with  the  materials  of  construction  and 
with  the  elements  of  engineering,  even  at  the  sacrifice  of  some 
chemistry,  in  order  that  they  might  be  more  capable  of  deal- 
ing with  the  problems  which  are  likely  to  confront  them  in 
their  various  lines  of  occupation. 

In  response  to  this  advice  we  inaugurated  the  present 
course,  of  four  years,  leading  to  the  degree  of  bachelor  of 
science  in  industrial  chemistry.  Our  aim  has  been  to  train 
chemists  primarily,  and  we  do  not  regard  these  men  as  engi- 
neers. The  course  has  been  elected  by  a  constantly  increasing 
number  of  students  and  we  feel  reasonably  satisfied  with  the 
results.  Students  regard  the  course  as  more  difficult  than  the 
one  which  leads  to  the  degree  of  bachelor  of  science  in  chem- 
istry, and  which  is  familiarly  known  as  the  "straight"  chem- 
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istry  course.  We  reluctantly  sacrifice  some  of  the  strictly 
chemical  subjects,  because  in  no  other  way  can  we  include,  in 
a  four  years'  term  of  study,  the  engineering  topics  which  it 
has  been  our  aim  to  introduce.  I  can  not  say  that  we  have 
always  acted  wisely  in  the  process  of  pruning  one  kind  of  sub- 
ject and  of  developing  the  other,  for  there  have  been  many 
places  at  which  we  could  not  accomplish  exactly  what  we 
would  like  to  do,  and  we  have,  therefore,  had  to  compromise 
by  accepting  that  which  was  available.  The  inexorable  re- 
quirements of  a  "schedule"  have  sometimes  controlled  where 
they  should  not  properly  do  so;  but  improvements  are  made 
from  year  to  year,  and  we  feel  reasonably  well  satisfied  with 
the  course  as  it  now  stands. 

Up  to  the  present  tirir.  I  .a .  e  never  counselled  a  student 
to  elect  one  course  in  prci-rreii.ie  to  the  other,  except  in  those 
rare  instances  in  which  a  man  has  had  in  mind  when  a  fresh- 
man, the  exact  line  of  work  upon  which  he  was  almost  certain 
to  enter  after  graduation.  I  always  feel  very  unwilling,  in 
the  case  of  a  man  who  desires  to  become  a  chemist,  to  advise 
him  to  curtail  his  chemical  training  for  the  sake  of  the  added 
knowledge  which  he  will  acquire  in  mechanical  lines.  "When- 
ever j)ossible  I  have  advised  a  man  to  remain  five  years  in 
college  and  complete  both  courses,  but  in  no  single  instance 
has  this  advice  been  followed,  nor  is  it  likely  to  be  in  an  insti- 
tution where  the  bread-and-butter  question  is  as  strongly 
implanted  in  the  mind  of  the  undergraduate  as  is  the  case  in 
so  many  of  our  technical  colleges. 

Dean  Benjamin  has  i>ointed  out  the  fact  that  we  require  a 
lai^er  amount  of  letters  than  is  demanded  in  other  colleges, 
and  to  this  I  may  reply  that  this  difference  between  us  and 
some  of  the  other  colleges,  if  not  most  of  them,  resides  in  the 
spirit  of  the  institution.  It  wiU  be  found  to  be  true  of  all  of 
our  technical  courses  and  is  not  limited  to  the  course  in  indus- 
trial chemistry.  Both  during  the  former  administration  and 
under  the  present  executive.  The  Pennsylvania  State  College 
has  insisted  on  a  year  each  of  history  and  of  political  science, 
two  years  of  English  and  a  similar  amount  of  modem  Ian- 
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giiage  in  all  courses  leading  to  the  bachelor's  degree.  I  have 
no  adverse  criticism  to  make  of  this  policy ;  I  believe,  on  the 
whole,  that  it  has  been  justified.  At  times  it  has  been  difficult 
to  maintain  this  college  policy  against  the  pressure  which 
must  inevit-ably  arise  whenever  changes  are  in  contemplation. 
It  holds,  however,  today  and  accounts  for  the  peculiarity 
which  Dean  Benjamin  has  observed. 

The  shortage  in  the  amount  of  chemistry  which  we  require 
in  this  course  is  temporary  and  will  be  rectified  with  the  com- 
pletion of  certain  changes  which  are  now  under  consideration. 

It  should  not  be  forgotten  that  the  men  whom  we  train  for 
the  kind  of  positions  which  Dean  Benjamin  has  so  well  de- 
scribed in  his  article  should  be,  first  of  all,  chemists.  "Without 
a  thorough  knowledge  of  the  meaning  of  chemical  equations, 
organic  and  inorganic;  without  the  "chemical  sense"  which 
comes  to  most  students  only  after  long  and  familiar  experi- 
ence with  chemicals  and  chemical  apparatus;  without  the 
power  to  thoroughly  and  intimately  know  his  raw  materials 
and  the  product,  which  he  attempts  to  produce,  and  to  recog- 
nize its  degree  of  purity,  as  well  as  the  difficulties  which  lie  in 
the  way,  no  amount  of  engineering  study  will  enable  a  chemist 
to  go  forth  from  college,  equipped  to  rationally  wrestle  with 
the  serious  and  complex  problems  which  are  sure  to  confront 
him. 

Professor  H.  P.  Talbot  (by  letter)  :  The  data  regarding 
courses  in  chemical  engineering,  which  Dean  Benjamin  has 
brought  together,  show  a  rather  greater  consensus  of  opinion 
than  I  should,  on  the  whole,  have  anticipated.  There  is  no 
doubt  that  our  courses  of  instruction  are  still  in  the  formative 
period,  which  is  not  surprising  if  one  recalls  that  the  chemical 
engineering  profession  itself  hardly  yet  permits  of  exact  defi- 
nition. There  can,  I  think,  be  no  doubt  that  the  larger 
amount  of  time  should  be  devoted  to  chemical  subjects,  and  I 
am  personally  of  the  opinion  that  when  it  is  practicable  to 
lengthen  the  course  to  five  years  the  chemical  subjects  should 
be  expanded,  rather  than  to  use  a  large  portion  of  the  added 
time  for  new  engineering  subjects.     It  is  essential  that  the 
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chemical  engineer  should  be  as  thoroughly  trained  as  a  chemist 
as  possible  and  if  we  add  to  this  chemical  training  courses  in 
engineering  subjects  which  are  as  fundamental  as  those  given 
to  the  mechanical  engineers  themselves,  so  far  as  they  go,  we 
have  laid  a  safe  foundation  and  have  done  about  all  that  we 
can  reasonably  hope  to  do.  The  proportion  of  time  to  be 
given  to  Letters  will,  of  course,  vary  according  to  the  policy 
of  individual  institutions ;  but  so  long  as  we  admit  young  men 
to  these  courses  directly  from  the  high  schools,  it  is  certainly 
desirable  that  as  much  opportunity  should  be  given  for  work 
of  this  character  as  is  possible;  for  the  engineer  of  today  is 
expected  to  take  a  share  in  our  community  life  which  is  com- 
parable with  that  of  the  professions  formerly  regarded  as 
"learned,"  and  he  must  be  helped  to  meet  these  new  condi- 
tions as  far  as  practicable. 

I  am  inclined  to  think  that  a  good  deal  of  the  current  criti- 
cism of  engineering  courses  in  general,  and  especially  of  chem- 
ical engineering,  is  not  well-founded,  because  it  does  not  take 
into  consideration  the  extraordinary  and  sudden  change  in 
the  position  of  the  engineer  in  the  community  and  in  the 
demands  made  upon  him.  The  men  who  are  subjected  to 
criticism  are,  in  many  cases,  not  the  product  of  the  courses  in 
their  revised  condition,  as  it  takes  nearly  seven  years  to  try 
out  an  educational  experiment.  Our  courses,  as  at  present 
constructed,  are  obviously  capable  of  improvement,  but  I  am 
inclined  to  think  that  we  are  trending  in  the  right  direction. 

Professor  Alfred  H.  White  (by  letter)  :  The  chemical  engi- 
neer is  still  largely  a  hybrid,  as  Dean  Benjamin  intimates, 
and  it  will  take  some  time  to  fix  the  type.  The  chemical  engi- 
neer is  supposed  to  be  trained  to  superintend  manufacturing 
processes,  and  it  might  therefore  be  expected  that  considerable 
attention  would  be  paid  in  the  college  course  to  the  applica- 
tion of  chemistry  to  manufacturing  operations.  The  heading 
"Industrial  Chemistry"  as  used  by  Dean  Benjamin  includes 
not  only  chemical  technology  but  also  the  analysis  of  technical 
products.  If  we  make  a  new  list  from  the  published  announce- 
ments discarding  the  courses  in  analysis  and  retaining  only 
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those  which  teach  manufacturing  processes  and  methods,  we 
get  the  following  table  of  courses  in  chemical  technology  and 
chemical  engineering: 

CouKSEs  IN  Chemical  Technology  and  Chemicvl  Engineerixg. 


Columbia 

Wisconsin 

Pennsylvania  State 

Michigan 

Massachusetts  Institute 

Purdue 

Illinois 

Universitv  of  Pennsvlvania 


Hours  per  Week. 


Class. 


25 

15 

13 

12 

8 

8 

7 

6 


Laboratory. 


11 

5 

15 

7 


Thesis  in  Ad- 
dition. 


Yes 
Yes 
Yes 

Xo 

Yes 

Ye^ 

Y'es 

No 


There  are  a  few  evident  discrepancies  between  this  table 
and  the  figures  for  industrial  chemistry  given  by  Dean  Ben- 
jamin, due  doubtless  to  the  difference  in  date  of  the  published 
announcements  at  hand,  but  they  do  not  materially  influence 
the  result.  The  differences  between  the  schools  are  clearly 
marked.  In  view  of  the  wide  difference  in  the  hours  of  class 
work  it  is  especially  interesting  to  note  the  general  absence  of 
laboratory  courses  in  chemical  technology  except  along  special 
lines.  The  eleven  hours  laboratory  work  at  Columbia  are 
given  over  to  textiles,  electrochemistry  and  metallurgy.  The 
five  hours  at  Pennsylvania  State  College  are  devoted  to  elec- 
trochemistry. The  fifteen  hours  at  Michigan  are  a  substitute 
for  a  thesis,  which  cannot  be  required  under  its  proper  name. 
^Massachusetts  Institute  of  Technology  is  the  only  one  of  the 
schools  listed  which  offers  a  general  course  in  preparations  on 
the  manufacturing  scale.  This  is  possibly  due  to  lack  of 
equipment  at  the  other  schools,  but  in  the  writer's  opinion  it 
more  probably  represents  a  deliberate  judgment  that  it  is 
more  advisable  for  the  student  to  study  one  problem  inten- 
sively, as  in  thesis  work,  than  to  spend  his  time  in  trying  to 
imitate  a  whole  series  of  manufacturing  operations. 
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BY   J.    H.    JAitES. 
Professor  of  Chemical  Engineering,  Carnegie  Technical  Schools. 

Modern  chemical  manufactniring  has  in  different  branches 
reached  its  present  stage  of  development  through  tvro  entirely 
separate  channels.  The  manufacture  of  glass,  pottery,  var- 
nish, paint,  iron,  steel,  copper,  and  many  others,  all  were  well 
established  long  before  chemistry  had  emerged  from  the  dark- 
ness of  alchemy,  but  the  knowledge  upon  which  each  of  these 
was  built  was  entirely  empirical,  entirely  of  the  "rule  of 
thumb. ' '  It  needs  no  particular  chemical  knowledge  to  manu- 
facture glass,  when,  for  example,  once  the  fact  had  been  dis- 
covered, that  silica,  sand,  lime  and  soda  or  potash  heated  to 
fusion  would  produce  an  insoluble,  transparent,  rigid  sub- 
stance, capable,  while  hot,  of  being  shaped  into  various  objects 
of  utiUty.  This  knowledge  is  all  empirical,  and  since  glass 
is  really  a  solid  solution  of  several  silicates,  extremely  wide 
variations  are  possible  in  the  proportions  of  raw  materials 
used,  without  the  product  losing  the  essential  characteristics 
noted  above,  so  that  the  industry  developed  entirely  in  the 
hands  of  skilled  artisans  who  accumulated  a  vast  amount  of 
information  in  connection  with  its  various  phases. 

Later,  when  chemistry  had  attained  the  dignity  of  a  science 
we  see  its  slow  but  sure  influence  on  all  such  '  *  rule  of  thumb ' ' 
chemical  industries,  resulting  in  standardization  of  manufac- 
turing methods  and  improvements  in  processes,  which  in  many 
cases  have  been  almost  revolutionary  in  character. 

There  is  another  great  field  of  chemical  manufacture  which 
had  in  its  history  no  such  evolution  as  noted  above.  I  refer 
to  those  chemical  manufacturing  processes  which  are  the 
direct  outcome  of  the  chemical  research  that  has  been  carried 
out  since  chemistry  became  a  recognized  science.     These  proc- 
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esses,  instead  of  developing  by  the  slow  more  or  less  accidental 
methods  of  the  "rule  of  thumb"  period,  were  the  result  of 
laboratory  research,  being  developed  in  all  details  on  a  small 
scale  before  their  commercial  exploitation.  To  this  group 
belong  the  manufacture  of  the  so-called  coal-tar  colors,  syn- 
thetic drugs,  perfumes,  extracts,  etc. 

If,  then,  all  branches  of  present  day  chemical  manufacture 
are  dependent  more  or  less  upon  chemical  science  for  working 
knowledge,  has  this  industry  rewarded  the  chemist  as  is  surely 
his  due?  Confining  our  discussion  to  American  conditions, 
it  would  appear  that  such  has  not  been  the  case. 

The  main  reason  seems  to  be  that  our  schools  have  too  long 
been  training  analytical  chemists,  and  to  a  lesser  extent 
research  chemists  for  the  industries,  not  recognizing  the  fact 
that  what  the  manufacturer  wants  in  ninety  per  cent,  of  the 
situations  offered,  is  a  man  with  a  combined  chemical  and 
engineering  training. 

The  research  chemist  has  an  important  place  to  fill  in  the 
modern  industrial  scheme,  but  in  point  of  numbers,  naturally, 
more  operating  chemists  are  needed ;  in  fact,  the  ideas  and  the 
processes  worked  out  by  one  good  research  chemist  will  keep 
dozens  or  even  hundreds  of  operating  men  or  chemical  engi- 
neers at  work,  designing,  installing  and  operating  the  appa- 
ratus needed  for  carrying  out  the  processes  on  a  large  scale. 

The  important  problem  before  the  educator,  in  this  con- 
nection, is  the  training  of  that  relatively  new  product,  the 
chemical  engineer,  as  the  courses  and  post-graduate  work 
for  students  intending  to  follow  research  are  already  well 
worked  out  in  European  and  American  universities.  A  four- 
year  course  in  pure  and  applied  chemistry,  without  engineer- 
ing, such  as  is  offered  in  some  American  technical  schools, 
might  serve  as  a  preparation  for  research  work,  but  is  not  as 
good  as  the  above. 

Although  all  industries  based  on  chemical  reactions  need 
the  analytical  chemist,  as  manufacturing  methods  become 
standardized,  analytical  methods  as  well  are  clearly  worked 
out.     Analytical  work  in  most  cases  can  be  turned  over  to  men 
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of  little  traming  or  even  to  boys,  all  working  under  the  super- 
vision of  a  trained  chemist  or  chemical  engineer,  who  has  in 
addition  to  the  anahi:ical  laboratory  the  supervision  of  opera- 
tions in  the  plant.  So,  in  our  opinion,  we  should  make  the 
training  in  analytical  chemistry  incidental  only  to  its  con- 
nection with  either  research  or  operating  work  in  industrial 
chemistry.  Analytical  chemistry  is  a  tool  to  be  used  by  the 
industrial  chemist,  just  as  mechanical  drawing  is  the  impor- 
tant tool  of  the  mechanical  engineer. 

In  the  arrangement  of  the  chemical  engineering  course 
about  equal  emphasis  should  be  placed  on  chemical  subjects 
on  the  one  hand  and  engineering  fundamentals  on  the  other. 
Since  the  engineering  subjects  must  be  taught  as  minors  in 
the  mechanical,  electrical  and  civil  departments,  the  success 
of  the  chemical  engineering  course  depends  on  the  cooperation 
of  these  other  departments.  Interdepartmental  jealousies  and 
friction  lower  the  efficiency  of  a  school  as  a  whole,  and  the 
injury  from  these  causes  falls  with  particular  weight  upon 
such  a  course  as  that  of  chemical  engineering. 

Since  it  is  manifestly  impossible  to  give  extended  training 
in  mechanical,  electrical  and  civil  engineering  in  four  years, 
together  with  a  good  chemical  education,  the  arrangement  of 
these  minors  deserves  very  careful  consideration. 

In  general,  it  may  be  said  that  our  chemical  engineer's 
knowledge  of  mechanical,  electrical  and  to  a  certain  extent  of 
civil  engineering,  can  not  extend  any  farther  than  the  ele- 
mentary principles  of  design,  with  greater  stress  laid  on  the 
operation  and  maintenance  of  apparatus  in  each  field. 

In  the  mechanical  engineering  minor  for  example,  there 
should  be  given  the  elements  of  machine  design,  so  that  the 
student  can,  if  necessary,  design  the  simpler  machines  used  in 
chemical  manufacture.  While  we  would  not  desire  that  our 
chemical  engineer  should  be  able  to  design  a  steam  engine, 
he  should  be  able  to  understand  all  the  points  involved  in  its 
care  and  operation.  The  chemical  engineer  is  not  a  specialist 
in  the  design  of  pumps,  blowers  or  meters,  but  he  should 
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have  sufficient  g:eneral  knowledge  in  this  field  to  intelligently 
select,  order  and  install  all  such  apparatus. 

In  like  manner,  the  embryo  chemical  engineer  does  not  take 
up  the  details  of  dynamo,  motor  and  transformer  design  in 
electrical  engineering,  but  he  should  have  a  sufficient  knowl- 
edge, for  example,  of  electrical  machinery,  to  order  the  proper 
dynamos,  transformers  and  connections  for  an  electric  furnace 
installation  required  for  carrying  out  a  certain  electro-thermal 
reaction  on  a  large  scale. 

Invaluable,  in  the  training  of  the  chemical  engineer,  is  a 
course  in  shop  management,  when  the  school  in  question  is 
fortunate  enough  to  have  a  competent  man  on  the  faculty, 
who  has  had  practical  experience  in  industrial  systematization. 

This  leads  to  the  thought  that  the  men  giving  instruction 
on  the  chemical  staff,  and  in  the  various  engineering  subjects, 
should  be  identified  with  the  industries  of  the  locality.  This 
is  particularly  applicable  to  the  chemical  profession,  since 
here,  deplore  it  as  Ave  may,  there  exists  a  great  deal  of  the 
foolish  harboring  of  secrets  that  characterized  the  old  alchem- 
ical days,  which  prevents  the  publication  of  improvements  in 
apparatus  and  processes  for  years  and  years.  The  professor 
of  applied  chemistry  and  chemical  engineering  who  depends 
on  published  books  and  periodicals  for  information  for  his 
lectures  will  be  teaching  practice  that  is  twenty  years  behind 
the  times.  He  should  have  a  wide  acquaintance  among  men 
in  chemical  engineering  and  should  be  allowed  to  have  his 
schedule  arranged  so  that  from  one  third  to  one  half  of  his 
time  is  available  for  consulting  work  that  will  bring  him  in 
close  touch  with  one  or  more  live  chemical  industries. 

With  cooperation  in  the  teaching  of  the  engineering  minors 
as  noted  above,  and  with  men  of  strong  personality  on  the 
chemical  staff  of  an  institution,  who  love  equally  well  their 
teaching  and  consulting  work,  the  student  of  chemical  engi- 
neering will  have  created  for  him  an  interest  in  his  profession 
that  will  carry  him  forward  to  a  successful  career. 
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Discussion. 

Professor  M.  C.  Whitaker  (by  letter)  :  Professor  James's 
definition  of  a  chemical  engineer  conforms  exactly  to  the 
views  I  have  been  holding,  but  for  some  strange  reason  many 
of  our  most  prominent  educators  persist  in  confusing  the  func- 
tion of  the  chemical  engineer  with  those  of  the  research  chem- 
ist or  even  the  analytical  chemist.  As  a  result  of  this  lack 
of  clear  definition  at  the  outset,  the  discussions  on  the  educa- 
tion of  chemists  soon  become  involved  and,  at  times,  footless. 

There  is  a  great  field  for  factory  operating  chemists.  No 
existing  engineering  training  will  fit  a  man  for  the  operating 
manager  of  the  average  manufacturing  process  as  well  as  a 
properly  planned  course  in  chemical  engineering,  because 
most  manufacturing  operations  involve,  at  some  stage  or 
other,  chemical  practice.  This  chemical  work  is  not  neces- 
sarily research.  These  men  are  not  there  to  develop  new 
chemistry  but  to  use  old  chemistry  and  keep  it  going.  The 
problems  they  have  to  confront  come  about  as  the  results  of 
natural  variation  in  raw  materials,  variation  in  practice  or 
process,  or  variation  in  results  desired  but  their  pivotal  point 
is  always  chemical.  The  average  engineering  graduate  has 
only  a  "flirting"  knowledge  of  chemistry  and  therefore  finds 
even  these  simple  problems  beyond  his  knowledge.  Hence 
the  need  and  the  demand  for  chemical  engineers  who  can 
operate  chemical  processes. 

I  belive  that  chemistry,  physics  and  allied  sciences  should 
be  made  the  focal  points  of  the  chemical  engineer's  training. 
Electrical,  mechanical  and  all  engineering  subjects  should  be 
grouped  around  these  fundamentals,  always  keeping  in  mind 
that  the  chemist  is  interested  in  pumps,  engines  and  motors 
from  the  standpoint  of  operation  and  not  necessarily  from  the 
standpoint  of  design  and  construction. 

The  chemical  engineer  is  even  more  than  a  man  who  has 
combined  a  training  in  chemistry  with  a  training  in  other 
engineering  branches.  His  training  should  include  not  only 
the  training  in  the  fundamentals  of  physics,  chemistry,  etc., 
followed  by  the  engineering  branches,  but  should  be  supple- 
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mented  by  courses  designed  to  show  the  student  how  to  apply 
his  knowledge  to  industrial  problems,  just  as  a  medical  student 
goes  to  a  hospital  to  be  trained  in  the  application  of  his 
knowledge,  while  still  under  the  control  of  his  teacher.  Such 
a  course  in  chemical  engineering  could  not  be  covered  in  four 
years  and  I  know  of  no  reason  why  student  or  instructor 
should  expect  to  master  such  a  difficult  problem  in  such  a 
short  time.  If  we  need  the  product — chemical  engineer — we 
should  take  time  to  make  it  and  make  it  right.  Manufacturers 
do  not  want  "near  trained"  engineers  for  their  responsible 
positions  and  I  believe  they  will  welcome  an  opportunity  to 
pay  the  price  if  we  show  good  goods. 

Professor  J.  R,  Withrow  (by  letter)  :  In  discussing  this 
paper  I  think  it  is  well  to  emphasize  that  there  is  unquestion- 
ably room  in  the  chemical  industries  for  both  the  research  and 
so-called  works  chemist,  as  weU  as  the  analytical  or  routine 
laboratory  chemist.  I  have  seen  from  time  to  time  statements 
made  by  men  of  undoubted  eminence  that  either  one  or  other 
of  the  first  two  kinds  of  chemists  is  unnecessary.  The  state- 
ment has  been  made  that  all  that  was  necessary  was  research, 
meaning  laboratory  or  pure  research,  overlooking  entirely 
the  fact  that  efficiency  maintenance  is  probably  the  most  im- 
portant problem  in  manufacturing  of  all  kinds  and  that  the 
chemist  is  becoming  more  and  more  a  vital  factor  in  this  part 
of  manufacture.  On  the  other  hand  one  hears  perhaps  more 
commonly  the  statement  made  that  a  man  must  be  a  chemical 
engineer  to  be  a  success  industrially.  That  this  is  not  true 
entirely  is  shown  by  the  healthy  growth  of  the  establishment 
of  research  laboratories  in  the  various  industries  of  the  coun- 
try. However,  it  must  be  stated  that  it  is  undoubtedly  true 
in  the  present  state  of  development  of  chemical  industries  that 
the  most  important  thing  is  not  the  revolutionizing  of  the 
present  industries  but  the  maintaining  and  increasing  their 
present  efficiency. 

With  regard  to  the  cooperation  between  the  engineering 
departments  and  chemical  departments  in  carrying  out  a  four 
year  course  in  chemical  engineering,  some  things  have  been 
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done  in  various  places  and  we  hope  much  more  will  be  done. 
At  Ohio  State  University  we  have  made  a  slight  beginning  at 
least,  by  a  general  cooperation  on  the  part  of  the  Department 
of  Engineering  Drawing  with  the  course  in  Industrial  Chem- 
istry so  that  the  old  course  in  technical  drawing,  which  was 
given  to  junior  chemical  engineers  and  which  involved  the 
preparation  of  plans  and  specifications  for  the  construction 
of  a  building,  has  now  been  turned  into  a  course  where  the 
building  project  is  the  housing  for  a  definite  portion  of  some 
industrial  chemical  manufacture.  For  instance  in  the  present 
year  the  first  problem  taken  up  was  the  preparation  of  draw- 
ings for  a  filter  press  which  was  in  actual  operation  in  the 
industrial  chemical  laboratory.  This  involved  a  thorough 
understanding  of  the  operation  and  construction  of  the  filter 
press  as  well  as  the  drafting  technique  necessary  for  the 
preparation  of  working  drawings.  The  next  problem  taken 
up  was  that  involving  the  designing  of  a  piping  system.  The 
particular  problem  was  the  caustisizing  of  sodium  carbonate 
by  means  of  lime  in  a  suitable  digester,  all  liquid  materials  to 
be  handled  by  the  same  pump.  These  complete  and  somewhat 
complicated  arrangements  introduced  the  students  to  the 
problems  involved  and  the  apparatus  available  for  working 
out  piping  problems.  These  two  problems  are  preliminary 
to  the  final  problem  of  the  year  which  will  be  the  preparation 
of  drawings  for  the  construction  of  a  water  softening  tower. 
The  work  is  carried  on  by  both  departments,  the  chemistry 
being  explained  by  the  professor  of  industrial  chemistry,  and 
the  mechanical  details  being  taken  care  of  by  the  mechanical 
engineer  in  charge  of  the  drawing  work  and  the  work  of  the 
students  is  criticized  by  both  men  travelling  together  usually 
but  not  necessarily  so.  In  different  years  we  have  taken  up 
different  problems  covering  such  cases  as  nitric  acid,  naphtha- 
lene, ferrous  sulphate-pickel  liquor  plants,  etc. 

It  has  been  well  said  by  Dr.  James  that  a  chemical  engineer 
is  not  a  specialist  in  the  design  of  pumps  and  other  machinery, 
but  he  should  be  familiar  with  what  must  be  known  or  done  to 
accomplish  a  given  engineering  result  or  overcome  a  given 
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difficulty  and  also  know  how  to  tackle  a  problem  when  he 
meets  it. 

Emphasis  has  been  laid  from  time  to  time  in  the  discussion 
of  this  general  topic,  upon  the  fact  that  a  man  giving  instruc- 
tion in  applied  chemistry  should  be  connected  with  the  indus- 
tries of  his  locality  or  at  least  actually  connected  with  some 
industry.  This  beyond  question  has  its  academic  difficulties 
and  at  times  causes  dissatisfaction  among  members  of  the  in- 
struction force  in  other  lines  who  are  not  able  or  who  have  no 
opportunity  for  such  connections.  Any  one  however  who  has 
had  to  teach  industrial  chemistry,  having  had  personal  manu- 
facturing experience  will  realize  better  than  he  can  tell  what 
this  experience  is  worth  to  him  in  the  carrying  on  of  his  work, 
because  the  professor  of  applied  chemistry  or  chemical  engi- 
neering who  is  compelled  to  depend  in  large  measure  upon 
publications  or  hearsay  or  even  mere  visits  to  factories,  is  at  a 
disadvantage  that  is  beyond  computation.  Usually  a  man  who 
lays  out  this  kind  of  work  is  not  allowed  enough  leeway  to 
properly  develop  it.  He  is  usually  tied  to  some  energy  absorb- 
ing course  as  a  mere  assistant.  The  work  is  looked  upon  as  a 
new  thing  in  chemical  instruction  and  may  be  turned  over  to 
any  young  doctor  who  is  just  out  of  the  laboratory  or  else  to 
one  of  the  professors  who  may  have  had  experience  in  teach- 
ing other  branches  but  who  has  not  the  works  point  of  view 
nor  is  given  the  time  to  develop  a  field  which  includes  all 
others  and  therefore  takes  more  energy  than  any  other  branch 
of  chemistry  to  build  it  up,  with  satisfaction. 


REPORT    ON    ENTRANCE    REQUIREMENTS    AND 

DEFINITION  OF  SUBJECTS  PRESENTED 

BY   COMMITTEE   ON   ENTRANCE 

REQUIREMENTS. 

To  the  Society  for  the  Promotion  of  Engineering  Education: 
Your  Committee  on  Entrance  Eequirements  herewith  pre- 
sents the  following  report : 

Defenitiox  of  Unit. 

A  unit  course  or  credit  required  for  entrance  is  understood 
as  representing  work  equivalent  to  that  covered  in  a  school 
year  of  thirty-six  weeks,  five  periods  per  week,  each  period 
not  less  than  forty  minutes  in  the  clear:  this  includes  an 
aggregate  of  one  hundred  and  twenty  60-minute  hours  of 
class  room  work.  It  is  further  understood  that  two  periods  of 
laboratory,  or  manual  training  (including  drawing)  is  equiv- 
alent to  one  period  of  class  room  work. 

Following  the  standard  established  by  the  Carnegie  Foun- 
dation for  the  Advancement  of  Teaching,  fourteen  units  will 
constitute  the  TninimiiTn  amount  of  preparation  which  may  be 
accepted  for  entrance. 

If  in  the  aggregate  four  studies  be  pursued  each  year  for 
a  period  of  four  years  it  will  be  possible  to  qualify  in  sixteen 
units:  a  unit  therefore  constitutes  practically  one  fourth  of 
a  year's  work. 

The  selection  of  subjects  which  will  be  accepted  for  entrance 
should  be  to  a  certain  extent  left  to  the  individual  colleges,  but 
there  exists  a  marked  tendency  toward  uniformity  of  require- 
ment with  certain  studies  and  a  fair  degree  of  freedom  regard- 
ing the  remainder  of  the  subjects.  This  your  committee  be- 
lieves to  be  right  but  desires  to  emphasize  the  danger  in  too 
great  freedom  in  the  choice  of  electives. 
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In  a  previous  report  of  the  committee  (see  Vol.  IV.)  it  was 
stated  that:  "The  committee  regards  absolute  uniformity  of 
requirements  as  entirely  inconsistent  with  the  diversity  of 
educational  conditions  in  different  states,  and  as  not  in  itself 
desirable. 

"Needless  arbitrary  deviations  from  uniformity  in  mere 
details  are  vexatious  and  harmful  to  all  concerned  and  should 
be  removed  as  soon  as  possible  by  cooperation  between  col- 
leges and  schools. 

To  secure  such  degree  of  uniformity  as  is  practicable,  the 
committee  recommended  a  definite  list  of  entrance  require- 
ments somewhat  as  follows: 

Mathematics.  Science. 

Arithmetic  (complete).  Physical  geography. 

Algebra,  elementary.  Botany. 

Algebra,  through  quadratics.     Chemistry. 
Algebra  advanced.  Physics. 

Geometry,  plane. 
Geometry,  solid. 
Trigonometry,  plane. 

Language.  General. 

English.  Free  hand  drawing. 

French.  United  states  history. 

German,  Some  second  subject  in  history. 
Latin. 

It  may  be  remembered  that  the  list  of  studies  actually 
required  for  admission  to  technical  colleges  at  the  time  the 
former  report  was  written  included  a  large  number  of  sub- 
jects, among  which  we  note: 

"Writing,  reading,  partial  arithmetic,  mensuration,  ele- 
mentary mechanics,  higher  mathematics,  civil  government, 
local  government,  bookkeeping,  elocution,  mental  science, 
logic,  economics,  theory  of  teaching,  Milne's  "  Realm  of 
Nature,"  zoology,  astronomy,  geology,  mineralogy,  meteor- 
ology, natural  history,  biology,  introduction  to  science,  ety- 
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mology.  Latin  elements  of  English.  Spanish  and  Greek.  This 
diversity  crept  in  to  some  extent,  no  doubt,  through  the  at- 
tempt on  the  part  of  the  colleges  to  meet  the  varying  courses 
of  their  contributory  schools  through  a  system  of  options  in 
requirements,  and  possibly,  to  make  the  scientific  courses  level 
up  to  the  classical  ones  without  the  necessity  of  imposing  the 
dead  languages  on  the  student.  But  the  effect  was  to  scatter 
and  produce  confusion  on  the  one  hand,  and  to  limit  each 
college  to  its  own  field  of  cultivated  schools  on  the  other." 

The  report  states  further : 

"There  is  enough  within  the  above  list,  that  so  many  col- 
leges agree  upon,  to  fully  occupy  the  time  of  any  boy  in  his 
four  years  in  the  high  school,  and  there  is  variety  enough  to 
give  breadth  of  training.  There  is  work  in  the  five  chief  lines 
of  mathematics,  language  and  literature,  history,  science  and 
art.  Any  school  course,  on  the  one  hand,  and  any  college  set 
of  requirements,  on  the  other,  ought  to  include  all  of  these 
lines. 

''Again,  while  the  colleges  should  confine  themselves  to  the 
above  subjects,  there  is  nothing  in  the  list  that  does  not 
properly  fit  into  the  school  curriculum.  Laboratory  work  of 
the  right  kind  in  physics,  chemistrv-  and  botany  may  be  found 
in  comparatively  few  schools,  but  it  ought  to  be  given  in  all 
high  schools  with  four-year  courses,  for  their  own  sakes.  irre- 
spective of  the  demands  of  scientific  colleges. 

"Somewhat  apart  from  the  other  subjects  named,  stands 
manual  training,  including  shop  work  and  mechanical 
drawing. 

"It  is  obviously  imi)ossible — even  if  desirable — to  make 
either  of  these  a  reciuirement  for  admission  to  engineering 
colleges  generally.  On  the  other  hand,  the  engineering  col- 
leges should  be  the  first  to  recognize  the  true  value  of  hand 
and  eye  work  as  a  form  of  education.  The  committee  believes 
that,  so  far  as  practicable,  such  recognition  should  be  more 
generally  shown  by  the  acceptance  of  certified  work  in  manual 
training  as  an  optional  requirement  by  institutions  accepting 
any  optional  subjects." 
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It  is  very  gratifying  to  note  the  change  that  has  taken  place 
since  the  report  quoted  was  presented.  With  few  exceptions 
the  list  of  subjects  proposed  at  that  time  includes  the  essential 
requirements  now  accepted  for  admission  to  most  of  the  tech- 
nical colleges  of  the  countn'.  There  has  been  a  marked  co- 
operation between  the  colleges  and  secondary  schools  which 
has  tended  toward  the  establishment  of  certain  standards, 
both  in  the  kind  and  character  of  subjects  taught.  Of  the 
fourteen  or  fifteen  units  required  for  admission  the  colleges 
have  demanded  preparation  in  definite  prescribed  subjects 
amounting  to  about  one  half  the  total  work,  while  the  remain- 
der may  be  selected  from  a  list  sufficiently  comprehensive  to 
allow  the  secondary  schools  considerable  freedom  in  establish- 
ing their  courses.  Nor  does  this  detract  from  the  intellectual 
development  of  those  in  the  secondary  schools  who  do  not 
enter  college,  since  there  is  general  agreement  as  to  the  value 
of  the  prescribed  courses  in  any  scheme  of  secondary  edu- 
cation. 

Referring  to  the  list  quoted  above  it  will  be  noted  that 
arithmetic  is  not,  in  general,  now  accepted  as  an  entrance 
subject;  on  the  other  hand,  on  account  of  the  commercial 
interests  of  the  United  States  there  has  grown  up  a  demand 
for  the  study  of  Spanish  in  the  public  schools  and  this  subject 
should  be  added  to  the  language  group. 

Zoology  is  frequently  studied  in  the  secondary  schools  in- 
stead of  botany,  and  this  subject  should  be  included  in  the 
science  group. 

In  many  well-organized  secondary  schools  the  study  of  his- 
tory is  pursued  for  the  entire  four  years  and  the  general  group 
should  be  modified  by  adding  the  four  history  subjects  most 
commonly  taught,  or  preferably,  a  new  history  group  should 
be  introduced:  This  should  include  ancient  history;  medieval 
and  modern  European  history;  English  histor}';  American 
history  or  American  history  and  civil  government. 

The  general  introduction  of  manual  training  (shop  work 
and  drawing)  into  the  secondary  schools  has  caused  a  number 
of  colleges,  both  academic  and  technical,  to  accept  a  certain 
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amount  of  this  -work  in  lieu  of  other  subjects  for  entrance. 
Shop  work  and  mechanical  drawing  should  therefore  be  offered 
in  the  list  of  electives  acceptable  to  the  engineering  college. 

Your  committee  recognizes  that  there  will  necessarily  be 
differences  of  opiaion  as  to  the  amount  of  credit  which  can  be 
accepted  for  entrance  by  the  college  for  manual  training  sub- 
ject*, but  substantial  agreement  will  probably  exist  if  the 
credit  be  restricted  to  one  unit  for  shop  work  and  one  unit 
for  drawing. 

However,  with  the  credits  thus  restricted  it  must  be  pointed 
out  that  in  order  to  qualify  in  fourteen  units  as  specified,  a 
student  taking  work  in  manual  training  must  either  limit  the 
amount  of  this  work,  or  he  must  take  other  studies  additional 
to  the  manual  training  subjects. 

A  restriction  should  also  be  placed  on  the  language  group : 
That  is.  if  a  language  be  offered  for  entrance  two  units 
should  be  presented  for  any  one  language.  This  wOl  tend  to 
prevent  that  "browsing  around"  which  is  both  harmful  and 
pernicious^. 

The  modified  list  of  subjects  among  which  are  to  be  found 
the  entrance  requirements  for  engineering  colleges  would  then 
be  as  follows: 

Mathematics.  Science. 

Algebra,  element-ary.  Physics. 

Algebra,  advanced.  Chemistry. 

Geometry,  plane.  Botany. 

Geometry,  solid.  Zoology. 

Trigonometry,  plane.  Physical  geography. 

Languuge.  History. 

English.  Ancient. 

French.  Modem  European. 

German.  EngHsh. 

Spanish.  American. 

Latin. 
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General. 
Manual  training.     Shop  work. 

Mechanical  drawing. 
Free-hand  drawing. 

The  prescribed  subjects  taken  from  the  above  list  should 
include : 

Algebra,  elementary One  unit. 

Geometry,  plane   One-half  unit. 

Algebra,  advanced One  unit. 

Geometry,  solid One-half  unit. 

English   Three  units. 

One  other  language  Two  units. 

or  physics  or  chemistry One  unit. 

Total  prescribed  subjects  eight  units  or  seven  units. 

DEFINITION  OF  REQUIREMENTS. 

MATHEMATICS. 

The  definitions  of  requirements  in  mathematics  are,  with 
slight  modifications,  essentially  the  same  as  those  formulated 
by  the  Committee  on  Mathematics  of  the  North  Central  Asso- 
ciation of  Colleges  and  Secondary  Schools  presented  at  the 
Chicago  meeting,  March,  1910, 

A.  Three  chief  aims  should  be  set  for  instruction  in  mathe- 
matics: (1)  To  inspire  and  facilitate  the  acquisition  of  knowl- 
edge in  an  important  field.  (2)  To  develop  the  ability  to 
apply  this  knowledge  to  practical  and  theoretical  investiga- 
tions. (3)  To  develop  and  strengthen  the  ability  to  perceive 
exact  relations  and  to  make  inferences  correctly;  the  teacher's 
constant  aim  should  be  to  train  the  pupil  to  think  and  to 
formulate  clearly  the  results  of  his  thinking. 

B.  Students  completing  a  high  school  course  and  presenting 
themselves  for  admission  to  college  should  show:  (1)  A  fair 
degree  of  accuracy  and  rapidity  in  calculation.  (2)  A  fair 
degree  of  skill  in  making  algebraic  transformations.     (3)  The 
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ability  to  use  the  equation  as  an  iustrnment  in  the  solution 
of  problems,  (-i)  The  ability  to  interpret  algebraic  results. 
(5)  A  fair  comprehension  of  what  constitutes  a  proof  in 
mathematics.  (6)  A  good  knowledge  of  the  facts  of  elemen- 
tary algebra,  and  plane  and  solid  geometry. 

C.  Students  during  the  last  high  school  year,  because  of. 
their  greater  maturity,  have  much  more  ability  to  grasp  the 
abstract  thinking  of  mathematics  than  do  students  of  the 
earlier  years.  The  material  offered  in  the  courses  and  the 
methods  of  instruction  should  be  determined  with  this  in  view. 
At  first  the  simpler  and  more  concrete  ideas  of  the  subject 
should  be  dealt  with.  In  later  stages,  more  complicated 
mechanical  work  and  formal  theory  should  be  introduced 
gradually. 

It  is  strongly  urged  by  your  committee  that  the  study  of 
mathematics  in  preparatory  schools  be  encouraged  throughout 
the  last  school  year. 

It  is  becoming  more  and  more  evident  that  a  change  in  the 
arrangement  of  the  subject  matter  involved  is  desirable. 

Under  any  arrangement,  arithmetic,  algebra,  geometry  and 
trigonometry  should  be  regarded  and  treated  as  different 
phases  of  one  and  the  same  subject.  The  geometrical,  the 
arithmetical,  algebraic  and  physical  phases  of  mathematics 
should  be  presented  as  far  as  possible  from  the  beginning  to 
the  end  of  the  secondary  course.  Much  can  be  done  in  this 
direction  by  employing  geometrical  methods  in  algebra  and 
by  using  algebraic  processes  in  geometry.  Numerous  examples 
taken  from  physics,  and  problems  illustrated  graphically  taken 
from  any  source  whatever  may  be  advantageously  employed. 

ALGEBEA   la   AXD    lb. 

FoEMiXATiox  I. — One  and  a  half  units. 

The  algebra  required  for  entrance  to  coUege  should  include 
the  following  topics  (no  significance  to  be  attached  to  the  order 
given  here)  :  (1)  The  fundamental  laws  of  algebra.  (2)  The 
general  view  of  algebraic  number.  (3)  The  four  fundamental 
operations  as  applied  to  integral,   fractional  and  irrational 
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expressions.  (4)  Factoring.  (5)  Binomial  theorem  for  posi- 
tive integral  exponents.  (6)  Solution  of  equations  in  one 
variable  including  simple  quadratic,  fractional  and  irrational 
equations.  (7)  Solution  of  systems  of  equation  in  two  vari- 
ables; including  linear  system,  linear-quadratic  system  and  a 
few  of  the  quadratic  systems  that  occur  more  frequently  in 
practise.  (8)  Ratio  and  proportion.  (9)  The  statement  and 
solution  of  problems. 

It  is  recommended  that  this  unit  and  a  half  be  divided  into 
two  portions,  an  elementary  course,  Algebra  la,  to  be  given 
in  the  first  year  of  high  school  and  a  more  advanced  course  to 
be  given  after  the  course  in  plane  geometry  in  the  third  or 
fourth  year. 

The  following  suggestions  are  made  as  to  the  character  of 
these  courses. 

Algebra  la  should  deal  with  the  simpler  portions  of  the 
topics  named,  with  the  exception  of  the  greater  portion  of  7, 
which  should  be  treated  in  Algebra  lb. 

Omit  complicated  forms  of  parentheses,  fractions,  irra- 
tionals, types  of  factoring  and  equations.  The  aim  should 
be  a  training  in  algebra  as  a  method  of  thinking  rather  than 
as  an  exercise  in  the  manipulation  of  complicated  expressions. 
Ideas  and  methods  should  grow  out  of  the  pupils'  knowledge 
of  arithmetic  and  the  relations  of  common  experience.  The 
traditional  order  of  topics  is  not  to  be  commended.  Emphasis 
should  be  placed  on  the  equation  as  a  means  of  solving  prob- 
lems, other  topics  contributing  assistance  as  the  need  arises. 
The  equation  should  be  used  at  the  very  beginning,  as  it  is  of 
paramount  importance  throughout  the  course. 

The  second  course,  Algebra  lb,  should  be  a  more  systematical 
and  scholarly  consideration  of  the  ground  already  covered  and 
an  extension  of  ideas  to  more  complicated  expressions.  By 
the  time  the  student  has  finished  this  course  he  should  have 
acquired  that  facility  in  the  use  of  algebraic  expressions  which 
is  so  essential  to  the  further  study  of  mathematics.  A  mastery 
of  the  fundamentals  of  theory  and  practise  must  be  insisted 
upon. 

22 
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PLANE    GEOMETRY,    2. 

Formulation  II. — One  unit. 

The  usual  theories  and  constructions  of  good  text-books, 
including  the  general  properties  of  plane  rectilinear  figures; 
the  circle  and  the  measurement  of  angles;  similar  polygons; 
areas;  regular  polygons  and  the  measurement  of  the  circle. 

The  solution  of  numerous  original  exercises,  including  loci 
problems. 

Applications  to  the  mensuration  of  lines  and  plane  surfaces. 

In  plane  geometry  it  is  suggested  that  a  clearer  conception 
of  geometrical  reasoning  and  a  firmer  grasp  upon  geometrical 
facts  can  be  acquired  by  a  thorough  consideration  of  a  small 
number  of  theorems  than  by  a  hurried  glance  at  a  larger 
number.  It  is  therefore  recommended  that  the  more  important 
theorems  be  emphasized  and  that  the  less  important 
theorems  be  omitted  or  passed  over  without  proof.  It  is  sug- 
gested that  teachers  be  free  to  assume  the  truth  of  some  of 
the  most  e^-ident  theorems  at  first.  Proof  may  be  given  later 
if  desired.  The  original  demonstration  of  theorems  is  of  the 
utmost  importance.  The  use  of  exercises  involving  algebraic 
and  numerical  applications  is  to  be  encouraged.  The  habit  of 
giving  accurate  definitions,  the  perception  of  what  constitutes 
a  demonstration  of  truth,  confidence  in  one's  o-^ti  power  of 
correct  reasoning  and  the  ability  to  discover  geometrical  rela- 
tions are  of  more  importance  than  the  ability  to  recall  the 
demonstration  of  a  large  number  of  theorems.  It  would  be 
well  to  omit  the  theory  of  limits  and  incommensurables  from 
this  course. 

SOLID    GEOMETEY,    3. 
FoRiiuLATiox  III. — One  half  unit. 

Solid  geometry  should  comprise  the  usual  topics  given  in 
texts,  including  the  relations  of  planes  and  lines  in  space ;  the 
properties  and  measurement  of  prisms,  pyramids,  cylinders 
and  cones ;  the  sphere  and  the  spherical  triangle. 

The  solution  of  numerous  original  exercises,  including  loci 
problems. 


REPORT   ON   ENTRANCE   REQUIREMENTS.  339 

Here  too,  there  should  be  a  centering  of  attention  upon  the 
more  important  theorems.  More  emphasis  should  be  placed  on 
mensuration. 

It  may  be  desirable  in  some  schools  to  re-arrange  the 
material  of  courses  2  and  3  so  that  course  2  should  include  the 
elements  of  both  plane  and  solid  geometry,  leaving  to  course 
3  the  more  difficult  phases  of  the  subject. 

PLANE    TEIGOXOMETRY. 
Formulation  IV. — One  half  unit. 

If  plane  trigonometry  be  offered  it  should  include  the  defi- 
nitions and  relations  of  the  six  trigonometrical  functions  as 
ratios,  the  theory  of  logarithms,  and  use  of  tables,  the  proof  of 
important  formulae,  the  solution  of  right  and  oblique  tri- 
angles, and  considerable  practise  in  trigonometric  transforma- 
tions. 

PHYSICS. 
The  requirement  in  physics  based  on  the  report  of  the  Com- 
mittee on  Physics  of  the  Science  Department  of  the  National 
Educational  Association  appears  to  be  too  comprehensive  for 
the  average  high  school,  in  fact,  it  has  been  stated  that  only 
three  or  four  high  schools  of  the  countrj^  are  in  a  position  to 
teach  the  physics  as  outlined  in  the  above  report  and  your 
committee  believes  that  the  number  of  required  topics  should 
be  reduced  so  as  to  more  nearly  meet  the  existing  conditions 
as  found  in  the  average  high  school  throughout  the  country. 

Formulation  V.— One  unit. 
It   is   recommended   that   the   candidate's   preparation    in 
physics  should  include : 

1.  The  study  of  at  least  one  standard  text-book,  supple- 
mented by  the  use  of  numerical  problems,  "to  the  end  that 
the  pupil  may  gain  a  concise  and  connected  view  of  the  most 
important  facts  and  laws  in  elementary  physics." 

2.  Individual  laboratory  work  comprising  at  least  twenty- 
five  exercises  selected  from  a  list  of  fifty  or  more,  not  verj' 
different  from  the  list  given  below. 
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3.  Instruction  by  lecture-table  demonstrations  to  be  used 
mainly  as  a  basis  for  questioning  upon  the  general  principles 
involved  in  the  pupil's  laboratory  investigations. 

The  time  devoted  to  this  subject  should  be  not  less  than  one 
year  of  five  periods  per  week.  At  least  one  fourth  of  the  time 
must  be  devoted  to  laboratory  work,  which  should  consist  of 
double  periods  of  not  less  than  SO  minutes  each.  Thorough- 
ness and  intelligent  methods  are  desired  rather  than  a  fund  of 
information. 

The  following  list  of  suggested  topics  has  been  prepared  by 
the  Conmiittee  on  Definition  of  Physics  of  the  North  Central 
Association  of  Colleges  and  Secondary  Schools.  It  includes 
all  those  topics  which  are  essential  to  an  elementary  course  in 
physics,  but  it  is  not  intended  to  restrict  the  teacher  to  the 
list  here  presented,  since  individual  environment  may  demand 
modification. 

1.  "Weight,  center  of  gravity. 

2.  Density. 

3.  Parallelogram  of  forces. 

4.  Atmospheric  pressure;  barometer. 

5.  Boyle's  law. 

6.  Pressure  due  to  gravity  in  liquids  with  a  free  surface; 

varying  depth,  density,  and  shape  of  vessel. 

7.  Buoyancy;  Archimedes'  principle. 
S.  Pascal's  law;  hydraulic  press. 

9.  Work  as  force  times  distance,  and  its  measurement  in 
foot-pounds  and  gram-centimeters. 

10.  Energy  measured  by  work. 

11.  Law  of  machines:  work  obtained  not  greater  than  work 

put  in;  efficiency. 

12.  Inclined  plane. 

13.  Pulleys,  wheel  and  axle. 

14.  ^leasurement  of  moments  by  the  product  of  force  tim^ 

arm:  levers. 

15.  Thermometers:  Fahrenheit  and  Centigrade  scales. 

16.  Heat  quantity  and  its  measurement  in  gram  calories. 

17.  Specific  heat. 
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18.  Evaporation ;  heat  of  vaporization  of  water. 

19.  Dew  point;  clouds  and  rain. 

20.  Fusion  and  solidification;  heat  of  fusion, 

21.  Heat  transference  by  conduction  and  convection. 

22.  Heat  transference  by  radiation. 

23.  Qualitative   description   of   the   transfer  of   energy  by 

waves. 

24.  Wave-length  and  period  of  waves. 

25.  Sound  originates  at  a  vibrating  body  and  is  transmitted 

by  waves  in  air. 

26.  Pitch  and  period  of  sound. 

27.  Relation  between  the  wave  length  of  a  tone  and  the 

length  of  a  string  or  organ  pipe. 

28.  Resonance. 

29.  Beats. 

30.  Rectilinear  propagation  of  light ;  pin-hole  camera. 

31.  Reflection  and  its  laws;  image  in  a  plane  mirror. 

32.  Refraction,  and  its  use  in  lenses;  the  eye,  the  camera. 

33.  Prisms  and  dispersion. 

34.  Velocity  of  light. 

35.  Magnetic  attractions  and  repulsions. 

36.  Field  of  force  about  a  magnet. 

37.  The  earth  a  magnet ;  compass. 

38.  Electricity  by  friction. 

39.  Conductors  and  insulators. 

40.  Simple  galvanic  cell. 

41.  Electrolysis ;  definition  of  the  ampere. 

42.  Heating  effects;  resistance;  definition  of  the  ohm. 

43.  Ohm's  law;  definition  of  the  volt. 

44.  Magnetic  field  about  a  current;  electromagnets. 

45.  Electromagnetic  induction. 

46.  Simple  alternating  current  dynamo  of  one  loop. 

47.  Electromagnetic  induction  by  breaking  a  circuit;  pri- 

mary and  secondary. 

48.  Conservation  of  energy. 

At  the  time  of  the  examination  the  candidate  must  present 
a  note-book  in  which  he  has  recorded  the  steps  and  the  re- 
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suits  of  his  laboratory  exercises,  and  this  note-book  must  bear 
the  endorsement  of  his  teacher,  certifying  that  the  notes  are 
a  true  record  of  the  pupil 's  work.  It  should  contain  an  index 
of  the  exercises  which  it  describes.  It  is  practicable  for  pupils 
to  make  the  original  record  of  their  observations  entirely  pre- 
sentable, so  that  copying  will  be  unnecessary,  and  they  should 
in  general  be  required  to  do  so. 

CHEMISTRY. 
The  requirement  in  chemistry  is  based  on  the  report  of  the 
Committee  on  Chemistry  of  the  Science  Department  of  the 
National  Educational  Association  and  is  subject  to  the  same 
criticism  which  has  been  made  regarding  the  definition  for 
physics.  The  criticisms  on  this  requirement  given  by  the 
various  professors  of  chemistry  in  the  technical  colleges  indi- 
cate that  the  high  schools  are  attempting  to  teach  college 
courses  without  proper  equipment  and  facilities  and  that  it 
would  be  better  to  have  a  less  comprehensive  course  which 
could  be  well  taught  in  the  average  high  school  than  to 
attempt  to  cover  so  much  ground  which  at  best  can  be  ac- 
complished only  superficially  in  the  average  high  school. 
With  this  in  view,  the  following  formulation  is  offered  as  a 
definition  of  the  requirement  in  chemistry. 

Formulation  VI. — One  unit. 

The  following  outline  includes  only  the  indispensable  things 
which  must  be  studied  in  the  class-room  and  laboratory.  The 
material  is,  for  the  most  part,  common  to  all  elementary  text- 
books and  laboratory  manuals.  Each  book  makes  its  own 
selection  of  facts  beyond  that  which  may  be  necessary  for 
the  illustration  of  the  principles  of  the  science.  The  order  of 
presentation  will  naturally  be  determined  by  each  teacher 
for  himself. 

Outline. — The  chief  physical  and  chemical  characteristics, 
the  preparation  and  the  recognition  of  the  following  elements 
and  their  chief  compounds:  oxygen,  hydrogen,  carbon,  nitro- 
gen, chlorine,  bromine,  iodine,  fluorine,  sulphur,  phosphorus, 
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silicon,  potassium,  sodium,  calcium,  magnesium,  zinc,  copper, 
mercury,  silver,  aluminum,  lead,  tin,  iron,  manganese, 
chromium. 

More  detailed  study  should  be  confined  to  a  restricted  list 
of  compounds,  such  as  water,  hydrochloric  acid,  chlorine, 
sodium  hydroxide,  and  sodium  carbonate. 

Attention  should  be  given  to  the  atmosphere  (constitution 
and  relation  to  animal  and  vegetable  life),  flames,  acids, 
bases,  salts,  oxidation  and  reduction,  crj-st^ization,  manu- 
facturing processes,  familiar  substances  (illuminating  gas, 
explosives,  baking  powder,  mortar,  glass,  metallurgy,  steel, 
common  alloys,  porcelain,  soap). 

Combining  proportions  by  weight  and  volume ;  calculations 
founded  on  these  and  Boyle's  and  Charles'  law;  sjTnbols  and 
nomenclature  (with  careful  avoidance  of  special  stress,  since 
these  are  non-essential)  ;  atomic  theory,  atomic  weights  and 
valency  in  a  very  elementary  way;  nascent  state;  natural 
grouping  of  the  elements :  solution  (solvents  and  solubility-  of 
gases,  liquids  and  solids,  saturation);  strength  (=  activity) 
of  acids  and  bases;  conservation  and  dissipation  of  energy; 
chemical  energy  (very  elementary)  ;  electrolysis.  Chemical 
terms  should  be  defined  and  explained,  and  the  pupil  should 
be  able  to  illustrate  and  apply  the  ideas  they  embody.  The 
theoretical  topics  are  not  intended  to  form  separate  subjects 
of  study,  but  to  be  taught  only  so  far  as  is  necessary  for  the 
correlation  and  explanation  of  the  experimental  facts. 

It  is  recommended  that  the  candidate's  preparation  in 
chemistry  should  include: 

1.  The  study  of  at  least  one  standard  text-book  to  the  end 
that  the  pupil  may  gain  a  comprehensive  and  connected  view 
of  the  most  important  facts  and  laws  of  elementary  chemistry. 

2.  Individual  laboratory  work  comprising  at  least  twenty- 
five  exercises  selected  from  a  list  of  fifty  or  more,  not  very 
different  from  the  list  given  below. 

3.  Instruction  by  lecture-table  demonstrations  to  be  used 
mainly  as  a  basis  for  questioning  upon  the  general  principles 
involved  in  the  pupil's  laboratory  investigations. 
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The  time  devoted  to  this  subject  should  be  not  less  than  one 
year  of  five  periods  per  week,  of  which  at  least  one  third 
should  be  spent  in  laboratory  work.  All  laboratory  periods 
should  be  double  and  consist  of  not  less  than  80  minutes 
each. 

List  of  Experiments. 
General. 

1.  Composition  of  the  atmosphere. 

2.  Dissociation  of  mercuric  oxide,  and  study  of  resulting 

products. 

3.  Burning  of  magnesium  and  sodium  in  air,  and  of  iron  in 

ox\"gen,  with  study  of  resulting  products. 

4.  Burning    of    sulphur    and    phosphorus    in    air;    study 

of  products. 

5.  Treatment  of  substances  resulting  from  (3)  with  hydro- 

chloric acid,  and  examination  of  final  products. 

Laws  of  Gas  Volumes  and  Vapor  Tension. 

6.  Boyle's  Law. 

7.  Charles'  Law. 

8.  Vapor  tension. 

Common  Elements  and  Compounds. 

9.  Preparation  and  study  of  oxygen. 

10.  Liberation  of  hydrogen  by  action  of  sodium  on  water. 

Careful  study  of  by-product. 

11.  Preparation  of  hydrogen  by  zinc  and  acid.  More  thorough 

study  of  hydrogen  in  larger  quantities;  study  of  by- 
product. 

12.  Proportion   of  volume   in   which  hydrogen   and   oxygen 

unite.     (Lecture  demonstration  with  eudiometer.) 

13.  Proportion  by  weight  in  which  hydrogen  and  ox%^gen  com- 

bine.    (Lecture  experiment.) 

14.  Change  of  boiling  point  and  freezing  point  as  affected  by 

concentration. 

15.  Taste  of  substance  produced  by  combining  oxygen  and 

hydrogen;  action  on  litmus. 
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16.  Electrolysis  of  water,   resulting  gases  being  accurately 

measured  and  tested. 

17.  Study    of    sodium,    potassium,    strontium,    calcium    and 

barium  compounds. 

18.  Study  of  soda  processes. 

19.  Study  of  salts  of  cobalt,  copper,  nickel,  manganese,  chro- 

mium, iron. 

20.  Study  of  compounds  of  aluminum,  magnesium  and  zinc. 

21.  Preparation  and  study  of  chlorine  gas. 

22.  Combustion  of  chlorine  in  hydrogen. 

23.  Preparation  of  hydrochloric  acid  and  study  of  properties. 

24.  Preparation  and  study  of  at  least  three  chlorides. 

25.  Preparation  and  study  of  bromine. 

26.  Preparation  of  at  least  three  bromides. 

27.  Preparation  and  study  of  iodine. 

28.  Preparation  of  at  least  three  iodides. 

29.  Study  of  hydrofluoric  acid  and  fluorides. 

30.  Study  of  forms  of  sulphur. 

31.  Direct  formation  of  sulphides. 

32.  Study  of  sulphurous  oxide. 

33.  Preparation  of  sulphurous  and  sulphuric  acids. 

34.  Preparation  of  at  least  two  sulphites  and  two  correspond- 

ing sulphates.     Comparative  study  of  these. 

35.  Decomposition  of  ammonium  nitrate  and  study  of  nitrous 

oxide. 

36.  Preparation  and  study  of  nitric  acid. 

37.  Preparation  of  three  nitrates  in  three  different  ways. 

38.  Composition  of  gas  formed  by  action  of  cold  dilute  nitric 

acid  on  copper. 

39.  Composition  of  gas  formed  by  union  of  nitric  oxide  and 

oxygen. 

40.  Preparation  of  ferrous  and  ferric  salts. 

41.  Stability'  of  salts  on  heating  dry. 

Carbon  and  some  Carbon  Compounds. 

42.  Product  of  burning  charcoal.     Tests. 

43.  Test  for  presence  of  carbon  in  wood,  paper,  kerosene,  coal 

gas,  alcohol. 
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4A.  Preparation  of  three  carbonates. 

45.  Solubility  of  carbonates  in  the  presence  of  carbon  dioxide. 

46.  Effect  of  heat  on  suspension  of  carbonates  in  solution. 

47.  Carbon  dioxide  from  fermentation. 

A  knowledge  of  the  more  important  chemical  industries,  and 
ability  to  work  simple  problems  will  be  required. 

At  the  time  of  the  examination  the  candidate  must  present 
a  note-book  in  which  he  has  recorded  the  steps  and  the  results 
of  his  laboratory  exercises,  and  this  note-book  must  bear  the 
endorsement  of  his  teacher,  certifying  that  the  notes  are  a 
true  record  of  the  pupil's  work.  It  should  contain  an  index 
of  the  exercises  which  it  describes.  It  is  practicable  for  pupils 
to  make  the  original  record  of  their  observations  entirely  pre- 
sentable, so  that  copying  will  be  unnecessary,  and  they  should 
in  general  be  required  to  do  so. 

The  following  notes  taken  from  the  report  of  the  Commit- 
tee on  Definition  of  Requirement  in  Chemistry,  North  Central 
Association  of  Colleges  and  Secondary  Schools,  are  worthy  of 
careful  attention. 

''Disregarding  questions  of  order,  and  simply  classifying 
the  essential  principles  of  instruction,  the  pupil  should  be 
taught : 

''1.  Technique  of  experimentation. 

''Properties  of  common  apparatus  in  respect  to  structure 
and  material.  For  example,  how  to  make  an  apparatus  air- 
tight and  why.  Object  of  such  operations  as  washing  and 
drying  gases  and  how  the  object  is  attained. 

"Physical  properties  which  may  be  used  for  recognition  of 
each  substance  and  for  explanation  of  all  observations. 

"Judicious  use  of  properties  and  materials.  Influence  of 
conditions  (temperature,  homogeneous  and  heterogeneous 
mixture,  etc.)  on  chemical  change. 

"2.  Physical  phenomena,  their  recognition,  description  and 
physical  interpretation. 

"3.  The  more  strictly  chemical  application  of  the  results. 
For  example,  inference  in  regard  to  the  nature  of  the  chem- 
ical change  which  must  have  led  to  the  results  observed. 
Making  of  the  chemical  equation  from  adequate  data. ' ' 
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ENGLISH. 

The  requirement  in  English  is  that  recommended  by  the 
Conference  on  Uniform  Entrance  Requirements  in  English 
for  the  years  1913,  1914  and  1915. 

Formulation  VII.— Three  units. 

Preparation  in  English  has  two  main  objects.  (1)  com- 
mand of  correct  and  clear  English,  spoken  and  written;  (2) 
ability  to  read  with  accuracy,  intelligence,  and  appreciation. 

The  first  object  requires  instruction  in  grammar  and  com- 
position. English  grammar  should  ordinarily  be  reviewed 
in  the  secondary  school ;  and  correct  spelling  and  gram- 
matical accuracy  should  be  rigorously  exacted  in  connection 
with  all  written  work  during  the  four  years.  The  principles 
of  English  composition  governing  punctuation,  the  use  of 
words,  paragraphs,  and  the  different  kinds  of  whole  composi- 
tion, including  letter  writing,  should  be  thoroughly  mastered ; 
and  practice  in  composition,  oral  as  well  as  written,  should 
extend  throughout  the  secondary  school  period.  Written 
exercises  may  well  comprise  narration,  description,  and  easy 
exposition  and  argument  based  upon  simple  outlines.  It  is 
advisable  that  subjects  for  this  work  be  taken  from  the  stu- 
dent's personal  experience,  general  knowledge,  and  studies 
other  than  English,  as  well  as  from  his  reading  in  literature. 
Finally,  special  instruction  in  language  and  composition 
should  be  accompanied  by  concerted  effort  of  teachers  in  all 
branches  to  cultivate  in  the  student  the  habit  of  using  good 
English  in  his  recitations  and  various  exercises,  whether  oral 
or  written. 

The  second  object  is  sought  by  means  of  two  lists  of 
books,  headed  respectively  reading  and  study,  from  which 
may  be  framed  a  progressive  course  in  literature  covering 
four  years.  In  connection  with  both  lists,  the  student  should 
be  trained  in  reading  aloud  and  be  encouraged  to  commit  to 
memory  some  of  the  more  notable  passages  both  in  verse  and 
in  prose.  As  an  aid  to  literary  appreciation,  he  is  further 
advised  to  acquaint  himself  with  the  most  important  facts 
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in  the  lives  of  the  authors  whose  works  he  reads  and  with  their 
place  in  literary  history. 

a.  Reading. — The  aim  of  this  course  is  to  foster  in  the 
student  the  habit  of  intelligent  reading  and  to  develop  a  taste 
for  good  literature,  by  giving  him  a  first-hand  knowledge  of 
some  of  its  best  specimens.  He  should  read  the  books  care- 
fully, but  his  attention  should  not  be  so  fixed  upon  details 
that  he  fails  to  appreciate  the  main  purpose  and  charm  of 
what  he  reads. 

"With  a  view  to  large  freedom  of  choice,  the  books  provided 
for  reading  are  arranged  in  the  following  groups,  from  which 
at  least  ten  units*  are  to  be  selected,  two  from  each  group : 

I.  The  Old  Testament,  comprising  at  least  the  chief  narra- 
tive episodes  in  Genesis,  Exodus,  Joshua,  Judges,  Samuel, 
Kings,  and  Daniel,  together  with  the  books  of  Euth  and 
Esther;  the  Odyssey,  with  the  omission,  if  desired,  of  Books 
I.,  II.,  III.,  IV.,  v.,  XV.,  XVI.,  XVII. ;  the  Iliad,  with  the 
omission,  if  desired,  of  Books  XI.,  XIII.,  XIV.,  XV.,  XVII., 
XXI.;  Vergil's  ^neid.  The  Odyssey,  Iliad,  and  .^neid 
should  be  read  in  English  translations  of  recognized  literary 
excellence. 

For  any  unit  of  this  group  a  unit  from  any  other  group 
may  be  substituted. 

II.  Shakspere's  Merchant  of  Venice;  Midsummer  Night's 
Dream;  As  You  Like  It;  Twelfth  Night;  Henry  the  Fifth; 
Julius  Csesar. 

III.  Defoe's  Robinson  Crusoe,  Part  I.;  Goldsmith's  Vicar 
of  Wakefield;  either  Scott's  Ivanhoe  or  Scott's  Quentin  Dur- 
ward;  Hawthorne's  House  of  the  Seven  Gables;  either 
Dicken's  David  Copperfield,  or  Dickens'  Tale  of  Two  Cities; 
Thackeray's  Henry  Esmond;  Mrs.  Gaskell's  Cranford;  George 
Eliot's  Silas  Marner;  Stevenson's  Treasure  Island. 

IV.  Bunj^an's  Pilgrim's  Progress,  Part  I.;  The  Sir  Roger 
De  Coverley  Papers  in  the  Spectator;  Franklin's  Autobi- 
ography (condensed);  Irving 's  Sketch  Book;  Macaulay's 
Essays  on  Lord  Clive   and  "Warren   Hastings;   Thackeray's 

•  Each  unit  is  set  off  by  semicolons. 
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English  Humorists;  Selections  from  Lincoln,  including  at 
least  the  two  Inaugurals,  the  Speeches  in  Independence  Hall 
and  at  Gettysburg,  the  Last  Public  Address,  and  Letter  to 
Horace  Greeley,  along  with  a  brief  memoir  or  estimate;  Park- 
man's  Oregon  Trail;  either  Tliorcau's  Walden  or  Huxley's 
Autobiography  and  selections  from  Lay  Sermons,  including 
the  addresses  on  Improving  Natural  Knowledge,  A  Liberal 
Education,  and  A  Piece  of  Chalk;  Stevenson's  Inland  Voyage 
and  Travels  With  a  Donkey. 

V.  Palgrave's  Golden  Treasury  (First  Series),  Books  II. 
and  III.,  with  especial  attention  to  Dryden,  Collins,  Gray, 
Cowper,  and  Burns;  Gray's  Elegy  in  a  Country  Churchyard 
and  Goldsmith's  Deserted  Village;  Coleridge's  Ancient  Mar- 
iner and  Lowell's  Vision  of  Sir  Launfal;  Scott's  Lady  of  the 
Lake;  Byron's  Childe  Harold,  Canto  IV.,  and  Prisoner  of 
Chillon;  Palgrave's  Golden  Treasury  (First  Series),  Book 
IV.,  with  special  attention  to  "Wordsworth,  Keats,  and  Shelley; 
Poe's  Raven,  Longfellow's  Courtship  of  Miles  Standish,  and 
Whittier's  Snow-Bound;  Macaulay's  Lays  of  Ancient  Rome 
and  Arnold's  Sohrab  and  Rustum;  Tennyson's  Gareth  and 
Lynette,  Lancelot  and  Elaine,  and  The  Passing  of  Arthur; 
Browning's  Cavalier  Tunes,  The  Lost  Leader,  How  They 
Brought  the  Good  News  from  Ghent  to  Aix,  Home  Thoughts 
from  Abroad,  Home  Thoughts  from  the  Sea,  Incident  of  the 
French  Camp,  Herve  Riel,  Pheidippides,  My  Last  Duchess, 
Up  at  a  Villa — Down  in  the  City. 

b.  Study. — This  part  of  the  requirement  is  intended  as  a 
natural  and  logical  continuation  of  the  student's  earlier  read- 
ing, with  greater  stress  laid  upon  form  and  style,  the  exact 
meaning  of  words  and  phrases,  and  the  understanding  of 
allusions.  For  this  close  reading  are  provided  a  play,  a  group 
of  poems,  an  oration,  and  an  essay,  as  follows : 

Shakspere's  Macbeth;  IMilton's  L 'Allegro,  II  Penseroso,  and 
Comus;  either  Burke's  Speech  on  Conciliation  with  America, 
or  both  Washington's  Farewell  Address,  and  Webster's  First 
Bunker  Hill  Oration;  either  Macaulay's  Life  of  Johnson,  or 
Carlyle's  Essay  on  Burns. 
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However  accurate  in  subject  matter,  no  paper  will  be  con- 
sidered satisfactory  if  seriously  defective  in  punctuation,  spel- 
ling, or  other  essentials  of  good    usage. 

The  examination  will  be  divided  into  two  parts,  one  of 
which  may  be  taken  as  a  preliminary,  and  the  other  as  a  final. 

The  first  part  of  the  examination  will  be  upon  ten  units 
chosen,  in  accordance  with  the  plan  described  earlier,  from 
the  lists  headed  reading;  and  it  may  include  also  questions 
upon  grammar  and  the  simpler  principles  of  rhetoric,  and  a 
short  composition  upon  some  topic  drawn  from  the  student's 
general  knowledge  or  experience.  In  grammar  and  rhetoric, 
the  candidate  may  be  asked  specific  questions  upon  the  prac- 
tical essentials  of  these  studies,  such  as  the  relation  of  the 
various  parts  of  a  sentence  to  one  another,  the  construction 
of  individual  words  in  a  sentence  of  reasonable  difficulty,  and 
those  good  usages  of  modern  English  which  one  should  know 
in  distinction  from  current  errors.  On  the  books  prescribed 
for  reading,  the  form  of  the  examination  will  usually  be  the 
writing  of  short  paragraphs  on  several  topics  which  the  can- 
didate may  choose  out  of  a  considerable  number.  These  topics 
will  involve  such  knowledge  and  appreciation  of  plot,  character 
development  and  other  qualities  of  style  and  treatment  as  may 
be  fairly  expected  of  boys  and  girls. 

The  second  part  of  the  examination  will  include  composi- 
tion and  those  books  comprised  in  the  list  headed  study.  The 
test  in  composition  will  consist  of  one  or  more  essays,  develop- 
ing a  theme  through  several  paragraphs;  the  subjects  will  be 
dra-wTi  from  the  books  prescribed  for  study,  from  the  candi- 
date's other  studies,  and  from  his  personal  knowledge  and 
experiences  quite  apart  from  reading.  For  this  purpose  the 
examiner  will  provide  several  subjects,  perhaps  five  or  six, 
from  which  the  candidate  may  make  his  own  selections.  The 
test  on  the  books  prescribed  for  study  will  consist  of  questions 
upon  their  content,  form,  and  structure,  and  upon  the  mean- 
ing of  such  words,  phrases,  and  allusions  as  may  be  necessary 
to  an  understanding  of  the  works  and  an  appreciation  of  their 
salient  qualities   of   style.      General   questions  may   also   be 
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asked  concerning  the  lives  of  the  authors,  their  other  works, 
and  the  periods  of  literary  history  to  which  they  belong. 

It  is  strongly  urged  by  your  committee  that  the  study  of 
English  in  preparatory^  schools  be  encouraged  throughout  the 
last  school  year. 

FEENCH. 

The  definitions  of  the  requirements  in  French  follow  the 
recommendations  of  the  Committee  of  Twelve  of  the  Modern 
Language  Association. 

Formulation  VIII.— Two  units. 
a.  The  Elementary  Requirement. 

The  Aim  of  the  Instruction. — At  the  end  of  the  elementary 
course  the  pupil  should  be  able  to  pronounce  French  accu- 
rately, to  read  at  sight  easy  French  prose,  to  put  into  French 
simple  English  sentences  taken  from  the  language  of  every- 
day life,  or  based  upon  a  portion  of  the  French  text  read,  and 
to  answer  questions  on  the  rudiments  of  the  grammar  as 
defined  below. 

The  Work  to  he  Done. — During  the  first  year  the  work 
should  comprise:  (1)  Careful  drill  in  pronunciation;  (2)  the 
rudiments  of  grammar,  including  the  inflection  of  the  regular 
and  the  more  common  irregular  verbs,  the  plural  of  nouns, 
the  inflection  of  adjectives,  participles,  and  pronouns ;  the  use 
of  personal  pronouns,  common  adverbs,  prepositions,  and  con- 
junctions; the  order  of  words  in  the  sentence,  and  the  ele- 
mentary rules  of  syntax;  (3)  abundant  easy  exercises,  de- 
signed not  only  to  fix  in  the  memory  the  forms  and  principles 
of  grammar,  but  also  to  cultivate  readiness  in  the  reproduc- 
tion of  natural  forms  of  expression;  (4)  the  reading  of  from 
100  to  175  duodecimo  pages  of  graduated  texts,  with  constant 
practice  in  translating  into  French  easy  variations  of  the 
sentences  read  (the  teacher  giving  the  English),  and  in  repro- 
ducing from  memory  sentences  previously  read;  (5)  writing 
French  from  dictation. 
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During  the  second  year  the  work  should  comprise:  (1)  the 
reading  of  from  250  to  400  pages  of  easy  modern  prose  in  the 
form  of  stories,  plays,  or  historical  or  biographical  sketches; 
'(2)  constant  practise,  as  in  the  previous  year,  in  translating 
into  French  easy  variations  upon  the  texts  read;  (3)  frequent 
abstracts,  sometimes  oral  and  sometimes  vrritten,  of  portions 
of  the  text  already  read;  (4)  writing  French  from  dictation; 
(5)  continued  drill  upon  the  rudiments  of  grammar,  with 
constant  application  in  the  construction  of  sentences;  (6) 
mastery  of  the  forms  and  use  of  pronouns,  pronominal  ad- 
jectives, of  all  but  the  rare  irregular  verb  forms,  and  of  the 
simpler  uses  of  the  conditional  and  subjunctive. 

Suitable  texts  for  the  second  year  are:  About 's  Le  roi  des 
Montagues,  Bruno's  Le  tour  de  la  France,  Daudet's  easier 
short  tales,  La  Bedolliere's  La  Mere  ]^Iichel  et  son  chat,  Erck- 
mann-Chatrian's  stories,  Foa's  Contes  biographiques  and  Le 
petit  Robinson  de  Paris,  Foncin's  Le  pays  de  France,  Labiche 
and  Martin's  La  poudre  aux  yeux  and  Le  voyage  de  M. 
Perrichon,  Legouve  and  Labiche 's  La  cigale  chez  les  fourmis, 
Malot's  Sans  famille,  Mairet's  La  tache  du  petit  Pierre, 
Merimee's  Colomba.  extracts  from  ]^Iichelet,  Sarcey's  Le  siege 
de  Paris,  Verne's  stories. 

Formulation"  IX.— One  unit. 
6.  The  InUrmediate  Bequirement. 

At  the  end  of  the  intermediate  course  the  pupil  should  be 
able  to  read  at  sight  ordinary  French  prose  or  simple  poetry, 
to  translate  into  French  a  connected  passage  of  English  based 
on  the  text  read,  and  to  answer  questions  involving  a  more 
thorough  knowledge  of  syntax  than  is  expected  in  the  ele- 
mentary course. 

The  Work  to  he  Done. — This  should  comprise  the  reading 
of  from  -400  to  600  pages  of  French  of  ordinary  difficulty,  a 
portion  to  be  in  the  dramatic  form;  constant  practise  in  giv- 
ing French  paraphrases,  abstracts  or  reproductions  from 
memory  of  selected  portions  of  the  matter  read;  the  study  of 
a  grammar  of  moderate  completeness ;  writing  from  dictation. 
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Suitable  texts  are:  About 's  stories,  Augier  and  Sandeau's 
Le  Gendre  de  M.  Poirier,  Beranger's  poems,  Corneille's  Le 
Cid  and  Horace,  Coppee's  poems,  Daudet's  La  Belle-Niver- 
naise.  La  Brete's  Mon  oncle  et  mon  cure,  Madame  de  Sevigne's 
letters,  Hugo's  Hermani  and  La  chute,  Labiche's  plays,  Loti's 
Pecheur  d'  Islande,  Mignet's  historical  writings,  Moliere's 
L'avare  and  Le  bourgeois  gentilhomme,  Racine's  Athalie,  An- 
dromaque,  and  Esther,  George  Sand's  plays  and  stories,  San- 
deau's Mademoiselle  de  la  Seigliere,  Scribe's  plays,  Thierry's 
Recits  des  temps  merovingiens,  Thiers 's  L 'expedition  de  Bona- 
parte en  Egypte,  Vigny's  La  canne  de  jonc,  Voltaire's  his- 
torical writings. 

Credit  for  Advanced  French,  in  accordance  with  the  recom- 
mendations of  the  Committee  of  Twelve,  will  be  given  when 
there  is  occasion  for  it. 

GERMAN. 

The  definition  of  requirements  in  German  are  based  upon 
the  recommendations  of  the  Committee  of  Twelve  of  the  Mod- 
ern Language  Association. 

Formulation  X.— Two  units. 
a.     The  Elementary  Requirement. 

The  Aim  of  the  Instruction. — At  the  end  of  the  elementary 
course  in  German  the  pupil  should  be  able  to  read  at  sight, 
and  to  translate,  if  called  upon,  by  way  of  proving  his  ability 
to  read  a  passage  of  very  easy  dialogue  or  narrative  prose, 
help  being  given  upon  unusual  words  and  constructions,  to 
put  into  German  short  English  sentences  taken  from  the  lan- 
guage of  everyday  life  or  based  upon  the  text  given  for  trans- 
lation, and  to  answer  questions  upon  the  rudiments  of  the 
grammar,  as  defined  below. 

The  Work  to  he  Done. — During  the  first  year  the  work 
should  comprise:  (1)  careful  drill  upon  pronunciation;  (2) 
the  memorizing  and  frequent  repetition  of  easy  colloquial 
sentences;  (3)  drill  upon  the  rudiments  of  granmiar,  that  is, 
upon  the  inflection  of  the  articles,  of  such  nouns  as  belong 
23 
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to  the  lan^age  of  everyday  life,  of  adjectives,  pronouns,  weak 
verbs,  and  the  more  usual  strong  verbs;  also  upon  the  use 
of  the  more  common  prepositions,  the  simpler  uses  of  the 
modal  auxiliaries,  and  the  elementary  rules  of  syntax  and 
word  order;  (4)  abundant  easy  exercises  designed  not  only 
to  fix  in  mind  the  forms  and  principles  of  grammar,  but  also 
to  cultivate  readiness  in  the  reproduction  of  natural  forms  of 
expression;  (5)  the  reading  of  from  50  to  100  pages  of  gradu- 
ated texts  from  a  reader,  with  constant  practice  in  translat- 
ing into  German  easy  variations  upon  sentences  selected  from 
the  reading  lesson  (the  teacher  giving  the  English),  and  in 
the  reproduction  from  parts  of  readers  available  for  first 
year's  class-work;  good  selections  may  be  made  from  Miiller 
und  "Wenckebach's  Gliick  Auf;  Kern's  (Grimm's)  German 
Stories  Retold;  Guerber's  Marchen  and  Erzahlungen;  See- 
ligmann's  Altes  and  Neues. 

During  the  second  year  the  work  should  comprise:  (1)  the 
reading  of  from  150  to  200  pages  of  literature  in  the  form  of 
easy  stories  and  plays;  (2)  accompanying  practise,  as  before, 
in  the  translation  into  German  of  easy  variations  upon  the 
matter  read,  and  also  in  the  off-hand  reproduction,  sometimes 
orally  and  sometimes  in  writing,  of  the  substance  of  short  and 
easy  selected  passages;  (3)  continued  drill  upon  the  rudiments 
of  the  grammar,  directed  to  the  ends  of  enabling  the  pupil, 
first,  to  use  his  knowledge  with  facility  in  the  formation  of 
sentences,  and,  secondly,  to  state  his  knowledge  correctly  in 
the  technical  language  of  grammar. 

Stories  suitable  for  the  elementary  course  can  be  selected 
from  the  following  list:  Andersen's  Marchen  und  Bilderbuch 
ohne  Bilder;  Arnold's  Fritz  auf  Ferien;  Baumbach's  Die 
Nonna  and  Der  Schwiegersohn ;  Gerstacker's  Germelshausen ; 
Heyse's  L 'Arrabbiata,  Das  Madchen  von  Treppi,  and  Anfang 
und  Ende;  Hillem's  Hoher  als  die  Kirche;  Jensen's  Die 
braune  Erica;  Leander's  Traumereien,  and  Kleine  Geschich- 
ten,  Seidel  's  jMarchen ;  Stokl  's  Unter  dem  Christbaum ;  Storm 's 
Immensee  and  Geschichten  aus  der  Tonne;  Zschokke's  Der 
zerbrochene  Krug. 
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Good  plays  adapted  to  the  elementary  course  are  much 
harder  to  find  than  good  stories.  Five-act  plays  are  too  long. 
They  require  more  time  than  it  is  advisable  to  devote  to  any 
one  text.  Among  shorter  plays  the  best  available  are  perhaps 
Benedix's  Der  Prozess,  Der  Weiberfeind,  and  Giinstige  Vor- 
zeichen;  Elz's  Er  ist  nicht  eif ersuchtig ;  Wichert's  An  der 
Majorsecke;  Wilhelmi's  Einer  muss  heiraten.  It  is  recom- 
mended, however,  that  not  more  than  one  of  these  plays  be 
read.  The  narrative  style  should  predominate.  A  good  selec- 
tion of  reading  matter  for  the  second  year  would  be  Ander- 
sen's Marchen,  or  Bilderbuch,  or  Leander's  Traumereien,  to 
the  extent  of  say  forty  pages.  After  that  such  a  story  ajs  Das 
kalte  Herz,  or  Der  zerbrochene  Krug;  then  Hoher  als  die 
Kirche,  or  Immensee;  next  a  good  story  by  Heyse,  Baumbach, 
or  Seidel ;  lastly  Der  Prozess. 

Formulation  XI.— One  Tinit. 

6.     The  Intermediate  Requirement. 

The  Aim  of  the  Instruction. — At  the  end  of  the  intermediate 
course  the  pupil  should  be  able  to  read  at  sight  German  prose 
of  ordinary  difficulty,  whether  recent  or  classical ;  to  put  into 
German  a  connected  passage  of  simple  English,  paraphrased 
from  a  given  text  in  German;  to  answer  any  grammatical 
questions  relating  to  usual  forms  and  essential  principles  of 
the  language,  including  syntax  and  word-formation,  and  to 
translate  and  explain  (so  far  as  explanation  may  be  neces- 
sary) a  passage  of  classical  literature  taken  from  some  text 
previously  studied. 

The  Work  to  he  Done. — The  work  should  comprise,  in  addi- 
tion to  the  elementary  course,  the  reading  of  300  to  400  pages 
of  moderately  difficult  prose  and  poetry,  with  constant  prac- 
tice in  giving,  sometimes  orally  and  sometimes  in  writing, 
paraphrases,  abstracts,  or  reproductions  from  memory  of 
selected  portions  of  the  matter  read;  also  grammatical  drill 
upon  the  less  usual  strong  verbs,  the  use  of  articles,  cases, 
auxiliaries  of  all  kinds,  tenses  and  modes  and  likewise  upon 
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word-order  and  word-formation.  A  text-book,  such  as  Harris*, 
WesseLhoeft's.  or  Berhardt's,  German  Composition,  should  be 
used  for  this  purpose. 

The  intermediate  course  is  supposed  to  be  the  elementary 
course,  plus  one  vear's  work  at  the  rate  of  five  recitations  per 
week.  Suitable  reading  matter  for  the  third  year  can  be 
selected  from  such  works  as  the  following:  Ebner-Eschen- 
bach's  Die  Freiherren  von  Gemperlein :  rrr:r:_''=  I>>  J  ir- 
nalisten  und  Bilder  aus  der  deutschen  Trr^-a::_-ri.l-r::  — for 
example,  Karl  der  Grosse,  Aus  den  Kreuzziigen.  Doktor 
Luther.  Aus  dem  Staat  Friedrichs  des  Grossen:  Fouque's 
Undine;  Gerstacker's  Irrfahrten;  Goethe's  Hermann  und 
Dorothea  and  Iphigenie:  Heine's  poems  and  Reisebilder; 
Hoffmann's  Historisehe  Erzahlungen:  Lrssing's  Aliima  von 
Bamhelm:  Meyer's  Gustav  Adolfs  Page:  Moser's  Der  Biblio- 
thekar;  Riehl's  XoveUen — for  example.  Burg  Xeideik.  Der 
Fluch  der  Schonheit.  Der  stumme  Ratherr.  Das  Spielman- 
kind:  Rosegger's  "Waldheimat:  Schiller's  Der  Xeffe  als  Onkel, 
Der  Geistersher.  Wilhehn  Tell,  Die  Jungfrau  von  Orleans. 
Das  Lied  von  der  Glocke.  Balladen;  Scheffel's  Der  Trompeter 
von  Sakkingen;  Uhland's  poems;  "Wildenbruch 's  Das  edle 
Blut. 

Credit  in  Advanced  German,  in  accordance  with  the  recom- 
mendations of  the  Committee  of  Twelve,  will  be  given  when 
there  is  occasion  for  it. 

SPANISH. 

The  definition  of  requirements  in  Spanish  follow  the  recom- 
mendation of  the  College  Entrance  Examination  Board. 

FoRiTCXATiON'  XII.  — T WO  uuits. 

a.  During  the  first  year  the  work  should  comprise  (1)  care- 
ful drill  in  pronunciation;  (2)  the  rudiments  of  grammar, 
including  the  conjugation  of  the  regular  and  the  more  com- 
mon irregular  verbs,  the  inflection  of  nouns,  adjectives  and 
pronouns,  and  the  elementary  rules  of  syntax:  (3)  exercises 
containing  illustrations  of  the  principles  of  grammar;  (-i)  the 
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reading  and  accurate  rendering  into  good  English  of  from  100 
to  175  duodecimo  pages  of  graduated  texts,  with  translation 
into  Spanish  of  easy  variations  of  the  sentences  read;  (5) 
writing  Spanish  from  dictation. 

b.  During  the  second  year  the  work  should  comprise:  (1) 
the  reading  of  from  250  to  400  pages  of  modern  prose  from 
different  authors;  (2)  practise  in  translating  Spanish  into 
English,  and  English  variations  of  the  text  into  Spanish;  (3) 
continued  study  of  the  elements  of  grammar  and  syntax ;  (4) 
mastery  of  all  but  the  rare  irregular  verb  forms  and  of  the 
simpler  uses  of  the  modes  and  tenses;  (5)  writing  Spanish 
from  dictation;  (6)  memorizing  of  easy  short  poems. 

Suitable  texts  for  the  second  year  are:  Valera's  El  pajaro 
verde;  Alarcon's  El  final  de  Norma;  Valdes's  Jose;  Galdos's 
Dona  Perfecta,  Marianela;  Padre  Isla's  version  of  Gil  Bias; 
Carrion  and  Aza's  Zaragueta. 

LATIN. 

Formulation  XIII. 

In  Latin  the  first  two  units  are  based  upon  the  definitions 
proposed  by  the  American  Philological  Association,  and  the 
third  and  fourth  units  upon  the  definitions  proposed  by  the 
College  Entrance  Examination  Board. 

(a)  Latin  lessons,  accompanied  from  an  early  stage  by  the 
reading  of  very  simple  selections.  Easy  reading:  twenty  to 
thirty  pages  of  consecutive  text. 

In  all  written  exercises  the  long  vowels  should  be  marked, 
and  in  all  oral  exercises  pains  should  be  taken  to  make  the 
pronunciation  conform  to  the  quantities. 

The  student  should  be  trained  from  the  beginning  to  grasp 
the  meaning  of  the  Latin  before  translating,  and  then  to 
render  into  idiomatic  English;  he  should  also  be  taught  to 
read  the  Latin  aloud  with  intelligent  expression.    One  unit. 

(6)  Selections  from  Cassar's  Gallic  "War  equivalent  in 
amount  to  four  books;  selections  from  other  prose  writers, 
such  as  Nepos,  may  be  taken  as  a  substitute  for  an  amount  up 
to,  but  not  exceeding,  two  books. 


358  EEPORT   ON   ENTRANCE   REQT 

The  equivalent  of  at  least  one  period  a  week  in  prose  com- 
position based  on  Ctesar. 

Reading  aloud  and  translating,  together  with  training  in 
correct  methods  of  apprehending  the  author's  meaning,  both 
prepared  and  unprepared  passages  being  used  as  material. 
The  memorizing  of  selected  passages.  One  unit. 

(c)  Cicero:  Any  six  orations  from  the  following  list,  but 
preferably  the  first  six  mentioned : 

The  four  orations  against  Catiline,  Archias,  the  Manilian 
Law,  Marcellus,  Roscius,  ^lilo,  Sestius,  Ligarius,  the  four- 
teenth Philippic. 

Vergil :  The  first  six  books  of  the  Aeneid. 

The  equivalent  of  at  least  one  period  a  week  in  prose  com- 
position based  on  Cicero. 

Note:  In  place  of  a  part  of  Cicero  an  equivalent  of  Sallust's 
Catiline,  and  in  place  of  a  part  of  Vergil  an  equivalent  of 
Ovid  will  be  accepted.    Two  units. 

HISTOEY. 
The   definition   of  requirement   in  history   is  that  recom- 
mended by  the  Committee  of  Seven  of  the  American  Historical 
Association. 

FORiTCLATION    XIV. 

(a)  Ancient  history,  with  special  reference  to  Greek  and 
Roman  history,  and  including  also  a  short  introductory  study 
of  the  more  ancient  nations  and  the  chief  events  of  the  early 
Middle  Ages,  down  to  the  death  of  Charlemagne  (814:.  One 
unit. 

(6)  Mediaeval  and  modem  European  history,  from  the 
death  of  Charlemagne  to  the  present  time.     One  unit. 

(c)  English  history.    One  unit. 

(d)  American  history  and  civil  government.     One  unit. 
Each  of  the  above  topics  is  intended  to  represent  one  year 

of  historical  work  wherein  the  study  is  given  five  times  per 
week,  or  two  years  of  historical  work  wherein  the  study  is 
given  three  times  per  week. 

This  is  contrary  to  the  practise  of  many  secondary  schools 
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which  give  only  one-half  of  this  time  to  English  history  and 
American  history,  although  it  is  common  in  these  schools  to 
give  one-half  year  to  the  study  of  civil  government,  which 
together  with  the  half-year  devoted  to  American  history  will 
make  the  required  unit. 

PHYSICAL  GEOGEAPHY. 

Formulation  XV. — One  Unit. 

The  following  outline  condensed  from  a  report  of  the  Com- 
mittee on  Definition  of  Physical  Geography  of  the  North 
Central  Association  of  Colleges  and  Secondary  Schools,  in- 
cludes only  the  essential  facts  and  principles  of  physical 
geography,  which  must  be  studied  in  the  class  room  and 
laboratory'' : 

The  Earth  as  a  Glohe. — Shape  of  earth:  How  proved; 
probable  causes  of.  Size:  How  measured.  Rotation:  Day 
and  night;  longitude  and  time;  latitude.  Revolution:  Rate; 
path ;  direction.  Seasons  and  their  causes.  ^lagnetism :  Com- 
pass; variation  in.     Map  projection  explained. 

The  Land. — Distribution.  Graphic  representation  of  topog- 
raphy. Changes  in  land  areas  and  in  land  forms:  Effects 
of  (1)  elevation  and  depression,  of  (2)  disposition  of  sedi- 
ments, (3)  of  shore  erosion.  Plains:  Effect  of  climate  and 
rock  structure  on  topography  of  plains.  Alluvial  plains :  their 
formation  and  importance.  Relation  of  life  to  different  forms 
of  plains.  Plateaus:  Relations  to  plains  and  to  mountains. 
Effect  of  climate,  rock  structure,  etc.,  on  topography  of  pla- 
teaus. Locations  of  the  great  plateaus.  Life  conditions  on 
plateaus.  Mountains:  Classes.  History.  Effects  of  climate, 
rock  structure,  etc.,  on  mountain  topography.  Life  conditions 
in  mountains.  Volcanoes:  Distribution.  Phenomena  of 
eruptions.  History  of  a  volcano.  Influence  of  volcanoes  on 
topography  and  life.  Rivers :  The  work  of  rivers.  The  topog- 
raphy of  surfaces  shaped  by  river  erosion  at  different  stages 
of  valley  development.  The  great  drainage  basins  of  the 
United  States.  Lakes:  The  distribution  of  lakes,  particularly 
in  North  America.    The  changes  which  they  are  undergoing. 
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Their  effect  on  climate.  Their  relations  to  life  in  general 
Glaciers:  The  nature  of  glacier  ice.  The  distribution  of 
glaciers.  The  conditions  necessary  for  glaciers.  The  work  of 
glaciers. 

The  Atmosphere. — Composition  and  oflSces  of  atmosphere. 
Instruments  used  in  study  of  atmosphere.  Temperature: 
Source  of  atmospheric  heat,  and  variations  of  atmospheric 
temperatures.  Isothermal  charts.  Pressure :  Measurement  of 
pressure.  Determination  of  altitudes  by  atmospheric  pressure. 
Relation  to  temperature.  Study  of  isobars.  Circulation  of 
atmosphere:  Winds;  their  causes;  their  classes;  and  their 
effects.  Moisture:  Sources.  Conditions  for  precipitation. 
Forms  of  precipitation;  rain  and  snow;  dew  and  frost.  Rela- 
tion of  precipitation  to  life.  Storms:  Relation  of  storms  to 
general  weather  conditions.  Study  and  construction  of 
weather  maps.  Relation  of  weather  to  climate.  Relation  of 
cUmate  and  weather  to  life  and  to  human  industries. 

The  Ocean. — Form,  divisions  and  general  characteristics  of 
the  ocean,  and  of  ocean  basins.  Depth,  density  and  tempera- 
ture of  ocean  waters.  Characteristics  of  ocean  floor:  topog- 
raphy, material,  etc.  The  life  of  the  oceans.  Movement  of 
ocean  waters:  TTaves;  cause  and  effect.  Currents;  effects  of 
currents  on  cHmate.  life,  etc.  Tides:  character  of  motion; 
causes  of  tides:  variation  of  tides,  and  their  causes;  bores; 
effect  of  tides  on  navigation,  harbors,  etc.  Work  of  ocean; 
Erosion  and  deposition.  Shore  lines:  Influence  of  harbors 
and  coast  lines. 

Summary. — The  outline  given  can  but  enumerate  the  larger 
topics  to  be  covered,  and  in  a  way  suggest  the  point  of  view 
desired.  Each  topic  should  be  treated  so  as  to  show  its  causal 
relations  to  other  topics.  So  far  as  possible,  the  effects  of  earth 
features  on  life  (especially  human  life)  conditions  should  be 
emphasized. 

Throughout  the  work  an  effort  should  be  made  to  develop 
the  student's  ability  to  use  the  data  presented.  The  acquisi- 
tion of  the  facts  presented  in  the  text-books  is  in  itself  of 
relatively  little  value.    The  student  should  be  taught  to  apply, 


REPORT   ON    ENTRANCE   REQUIREMENTS.  361 

out-of-doors  and  in  the  laboratory,  the  principles  developed 
in  the  class  room.  "When  he  can  do  this,  and  when  he  can 
utilize  and  combine  the  data  presented  in  the  books  in  new 
ways  and  to  new  ends,  one  of  the  chief  aims  of  the  study  will 
have  been  accomplished. 

The  candidate's  preparation  should  include: 
(a)   The  study  of  one  of  the  leading  secondary  text-books 
in  physical  geography,  for  the  sake  of  essential  principles,  and 
of  well-selected  facts  illustrating  those  principles. 

(6)  Individual  laboratory  work  should  occupy  from  one 
fourth  to  one  half  of  the  time  of  the  student  in  the  class-room. 
Field  trips  should  take  the  place  of  some  of  the  laboratory 
work  in  autumn  and  spring.  The  results  of  laboratory  work 
should  be  carefully  recorded  in  writing,  and  in  many  cases 
should  be  made  the  basis  of  class-room  discussion.  Similarly 
the  field  work  should  be  made  the  basis  of  written  reports  or 
of  subsequent  class-room  discussion,  or  both.  In  general,  the 
laboratory  and  the  field  should  be  made  to  afford  illustrations 
of  as  many  principles  and  phenomena  as  possible. 

MANUAL  TKAINING. 

Shop  Work  and  Drawing. 

Much  difficulty  has  been  experienced  in  formulating  defi- 
nitions of  requirements  of  subjects  in  the  mechanic  arts.  In 
fact,  there  is  practically  no  general  unanimity  of  opinion  as 
to  definitions  of  these  subjects.  The  time  element  enters  very 
largely  into  these  definitions  since  practise  must  necessarily 
constitute  a  valuable  part  of  the  work  and  the  measure  of 
work  accomplished  is  largely  determined  by  the  time  spent  on 
the  subject. 

What  is  meant  by  manual  training  has  been  discussed  by 
educators  for  a  number  of  years.  Your  Committee  on  En- 
trance Requirements  for  Engineering  Colleges  formerly  failed 
to  agree  as  to  what  should  be  included  under  manual  training 
or  how  this  subject  should  be  defined. 

The  subject  was  under  discussion  for  a  year  or  two  before 
the  Eastern  IManual  Training  Association  and  the  decision 
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arrived  at  by  that  body  was  that  the  time  devoted  to  a  given 
subject  be  accepted  as  a  unit  of  manual  training  work,  but 
what  this  work  should  consist  of  or  how  it  should  be  ad- 
ministered was  not  stated. 

More,  recently,  1907  and  1908,  the  Committee  of  the  North 
Central  Association  of  Colleges  and  Secondary  Schools  (C.  M. 
"Woodward  past-President  of  this  Society,  Chairman)  con- 
sidered this  question,  and  reported  essentially  as  follows: 

"We  have,  therefore,  defined  shop-work  and  drawing,  as  it 
exists,  or  should  exist,  in  a  well-organized  and  fully  equipped 
city  manual  training  high  school.  If  for  any  reason  a  high 
school  undertakes  less  than  the  full  amount  we  specify,  we 
recommend  that  it  take  up  subjects  in  the  order  we  name  them 
and  cover  the  ground  thoroughly,  as  far  as  it  goes.  A  high 
school  is  not,  and  cannot  be,  a  high-grade  technical  school, 
and  nothing  is  gained  by  skipping  the  broad  foundations  of 
manual  and  graphic  culture  and  attempting  prematurely  to 
do  engineering  work." 

Formulation  XYI. 
The  minimum  time  given  per  year  in  order  to  count  as  a 
unit  should  not  be  less  than  the  equivalent  of  240  hours  of 
60  minutes  each.    No  superior  limit  is  given,  but  additional 
hours  should  not  receive  additional  credit. 

Shopwork. 

Every  exercise  which  is  involved  in  what  follows  should  be 
planned  and  executed  to  illustrate  an  important  mechanical 
principle  or  process,  or  a  combination  of  such  principles  and 
processes. 

The  exposition  of  a  tool  and  the  demonstration  of  a  process 
should  be  before  the  entire  section  of  pupils  conveniently 
seated  so  as  to  see  all  that  the  teacher  does,  and  hear  all  that 
he  says. 

The  shop-period  of  first-year  boys  ought  not  to  exceed  100 
minutes  in  length ;  but  third  and  fourth  year  pupils  can  profit- 
ably have  longer,  but  less  frequent  shop-periods;  however, 
those  periods  should  never  exceed  180  minutes. 
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Pupils  should  never  be  left  to  find  out  for  themselves  the 
proper  wa^'s  of  using  a  tool.  The  correct  ways  should  be 
clearly  and  fully  shown  and  explained.  The  use  of  a  wrong 
tool,  and  the  adoption  of  an  illogical  or  unscientific  procedure 
should  at  once  be  checked,  and  the  error  should  be  plainly 
pointed  out. 

Bench  Work  (One  unit). 

(a)  Fundamental  tool  processes:  Measuring,  squaring, 
gauging,  sawing,  boring,  chiseling;  rules  for  planing. 

(6)  Constructions  involving  groove  joints  and  halving;  lay- 
ing out  and  cutting  joints ;  use  of  nails,  screws  and  glue ;  carv- 
ing and  finishing. 

(c)  Making  a  glue  joint;  planing  joints,  gluing,  clamping, 
surfacing,  sandpapering. 

(d)  Construction  by  means  of  mortise-and-tenon  joint;  lay- 
ing out  duplicate  parts,  cutting  mortise,  sawing  tenon,  gluing 
and  clamping,  scraping,  finishing. 

(e)  Construction  involving  the  miter  joint ;  planing  parallel 
edges  and  sides  in  the  construction  of  a  miter  box ;  rebating, 
laying  out  and  cutting  a  brace. 

(/)  Dovetailing:  lajang  out  and  cutting  dovetails,  planing 
comers,  inlaying. 

(g)  Construction  involving  the  use  of  the  panel:  plow- 
ing, fitting,  gluing,  clamping,  putting  on  hinges,  finishing. 

Wood-Turning  and  Elementary  Metal-Working   (One  unit). 

1.  Wood-turning.  Use  of  different  kinds  of  wood.  Care  of 
lathe. 

(a)  Turning  spindle,  cylinder,  taper,  convex  curve,  concave 
curve,  compound  curve;  turning  to  given  dimensions,  finish- 
ing and  polishing  in  the  lathe. 

(6)  Faceplate  turning. 

(c)   Chuck  turning:  built-up  stock,  fitting. 

2.  Metalworking.  "Working  in  a  variety  of  metals,  includ- 
ing cast-iron,  steel,  brass,  tin,  zinc,  and  copper. 

(a)  Chipping  and  filing;  chipping  with  cold  chisel  and 
hammer ;  filing,  testing,  tool  dressing. 
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(6)  Making  small  tools.  Drilling,  filing,  fitting,  riveting, 
finishing. 

(c)  Construction  in  sheet  metal:  pattern  cutting,  bending, 
folding,  wiring,  soldering. 

(d)  Copper  work:  sawing,  beating,  hard  soldering,  re- 
pousse, annealing,  coloring  with  heat  and  chemicals,  etching. 

(e)  Turning:  Hand-tool  turning,  filing  in  lathe,  polishing 
in  lathe,  thread  cutting  with  tap  and  die,  hardening,  temper- 
ing, annealing. 

(/)  Spinning :  cutting  templet,  turning  form  in  wood  to  fit 
templet,  spinning  zinc  or  Britannia  metal  and  copper,  polish- 
ing, lacquering. 

Pattern  Making.  Molding  and  Forging  (One  unit). 

The  theorv  and  use  of  patterns,  how  bmlt,  how  divided  and 
why;  pattern-making,  bench-molding  of  simple  and  complex 
patterns;  theory  and  use  of  cores,  construction  of  cores  and 
core-prints ;  easting  with  lead  and  alloys. 

Construction  and  management  of  the  forge — ^fundamental 
processes:  drawing,  up-setting,  bending,  punching,  splitting, 
welding,  hardening :  shaping  steel  under  the  hammer :  temper- 
ing of  different  grades:  the  construction  of  chains,  hooks  and 
forge  tools,  and  wrought-iron  articles  from  original  or  selected 
designs;  finally  the  manufacture  of  a  set  of  standard  steel 
lathe  tools.  The  design  and  actual  construction  of  a  piece  of 
ornamental  wrought-iron  or  steel  work. 

Bench  and  Machine  Metal  Fitting  (One  unit). 
Theory  of  metal-turning,  centering:  forms  of  cutting  tools 

and  tool-grinding;  turning  cast-iron,  wrought-iron.  steel,  and 
brass;  use  of  oil,  relation  of  speed  to  heat  developed:  use  of 
taps  and  dies:  screw  cutting,  chuck-work,  mandril  and  face- 
plate work:  drilling,  slotting,  planing,  gear-cutting,  and 
special  work  on  the  milling  machine.  Having  mastered  the 
elements,  each  student  should  combine  more  or  less  of  such 
elements  in  a  construction,  made  in  accordance  with  original 
or  selected  drawinsrs. 
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MECHAXICAL  DRAWING. 
FoRMULATiox  XVII.— T WO  units. 

1.  (a)  Straight  lines;  use  of  T-square,  triangles,  pencil, 
ruling  pen,  dividers,  and  scale.  Conventional  lines.  Free- 
hand working  sketches. 

(6)  Circles.    Use  of  compasses,  center  lines,  crosshatching. 

(c)  Tangents.    Location  of  centers  and  points  of  tangencv. 

(d)  Planes  of  projection;  elementary  principles  of  projec- 
tion ;  revolution  of  the  planes  of  projection.  Projections  of 
simple  geometric  figures. 

(e)  Revolution  of  objects.  "Views"  of  objects  in  simple 
and  inclined  positions. 

(/)  Developments :  prism,  cylinder,  pyramid,  cone. 

(g)  Intersections.  Axes  in  the  same  plane,  axes  in  different 
planes. 

(h)  Isometric  and  cabinet  drawing. 

(0  Freehand  and  mechanical  lettering;  placing,  form  slant, 
spacing,  stroke. 

(;)  Working  drawings;  furniture. 

(fc)  "Working  drawings;  machine  parts. 

(l)  Building  plans;  floor  plans,  elevations. 

2.  (a)  Mechanical  perspective. 

(&)  Freehand  drawing  in  perspective. 

(c)  Construction  of  conic  sections  and  helix. 

(d)  Line  shading. 

(e)  Wash  drawing. 

(/)  Designing  for  metal  work. 

ig)  Either  machine  or  architectural  drawing. 

The  Committee  on  Manual  Training  of  the  North  Central 
Association  of  Colleges  and  Secondary  Schools  has  also  pre- 
sented (1909)  the  following  definitions  of  requirements  in 
Free-hand  drawing  and  applied  art : 

FBEE-HAND  DRAWING  ANT)  APPLIED  ART. 

Formulation  XVIII. —Two  units. 
Approximately  one-third  the  time  should  be  given  to  repre- 
sentative drawing  and  two-thirds  to  decorative  composition. 
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constructive  and  decorative  design,  construction  and  applied 
design. 

(a)  Pictorial.  Plant  study  (flowers,  sprays  of  leaves,  seed, 
pods,  etc.).  Object  study;  landscape,  roof  studies,  buildings, 
etc. ;  pose  drawing ;  composition. 

(6)  Decorative  Composition.  Plant  forms,  object  study, 
landscape,  pose. 

(c)  Decorative  Design.  Plant  analysis  (for  the  purpose  of 
design).  Conventionalized  plant  forms;  decorative  units, 
borders,  surfaces,  corners,  rosettes,  posters,  book-covers,  etc. ; 
stencils,  wood-block  printing ;  historic  ornament ;  arrangement 
of  straight  lines,  and  of  straight  and  curved  lines;  geo- 
metric design;  lettering,  illuminating;  schemes  for  interior 
decoration. 

(d)  Constructive  Design.  Designs  for  potter^',  leather, 
metal,  book-binding,  furniture,  cardboard  construction,  tex- 
tiles, etc. 

(e)  Crafts.  Pottery,  leather,  metal,  book-binding,  furni- 
ture.    (Choice  of  one  or  more  of  the  above  crafts.) 

(/)  Applied  Design.     Design  applied  to  the  crafts  and  to 
cardboard,  textiles,  etc. 
{g)  Illustration. 

{h)  Talks  on  history  of  industry  and  art,  on  civic  plan- 
ning, domestic  architecture  and  decoration. 

(t)  Instrumental  drawing  to  be  given  as  needed  to  meet 
the  requirements  of  practical  designing  and  construction. 

Note.  Mediums  used — pencil,  charcoal,  water  color,  crayons, 
brush  and  ink,  and  a  combination  of  the  pure  mediums. 
(Signed) 

J.  P.  Jackson, 
C.  D.  Marx, 
F.  0.  ]\lARvm, 
F.  W.  McNair, 
J.  C.  Nagle, 
J.  J.  Flather. 

Chairman. 
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Discussion, 

Professor  Emory:  I  desire  to  make  a  few  remarks  regard- 
ing the  subject  of  higher  algebra.  This  society  has  been  in 
existence  about  twenty  years,  and  of  all  the  matters  taken  up 
in  that  time  few  have  been  of  more  importance  than  the  sub- 
ject of  this  report.  I  agree  with  the  Committee  in  their 
action  in  omitting  about  one-third  of  what  has  been  consid- 
ered higher  algebra.  It  seems  absurd  to  attempt  to  teach  a 
student  the  theory  of  equations  at  the  time  and  in  the  place 
it  is  now  often  taught  under  higher  algebra.  Few  students 
really  understand  it.  We  should  not  put  into  the  entrance 
requirements  subjects,  which  were  discovered  by  men  of  great 
and  mature  minds  after  years  of  study;  subjects  which  were 
discovered  by  mathematically-trained  men  who  had  the  ad- 
vantages of  the  highest  mathematics.  If,  as  I  understand  it, 
the  Committee  intends  to  include  only  those  parts  of  higher 
mathematics  for  which  the  students  can  see  the  direct  reason 
and  eliminate  those  parts  which  really  depend  upon  later 
education,  we  have  made  a  step  forward.  It  will  be  a  great 
help  to  teachers  of  mathematics  if  we  put  the  requirements 
so  concisely  that  they  will  be  perfectly  clear.  In  my  opinion 
it  would  be  better  to  put  higher  algebra  in  the  college  course 
with  calculus  and  differential  equations.  Then  the  student 
will  see  what  it  is  all  about  and  he  will  get  some  benefit 
from  it. 

Professor  Flather:  In  this  connection  allow  me  to  empha- 
size one  statement  in  our  report.  "It  has  become  more  and 
more  evident  that  a  change  in  the  arrangement  of  the  subject 
matter  involved  is  desirable."  The  idea  is  to  have  something 
that  we  can  agree  upon  that  will  give  the  student  a  conception 
of  what  this  algebraic  work  is.  even  if  it  does  involve  the 
introduction  of  geometry  and  trigonometrical  work  along 
with  the  teaching  of  algebra. 

Mr.  Kent:  I  agree  most  cordially  with  what  has  been  said 
with  regard  to  higher  algebra.  I  was  asked  some  years  ago 
by  an  association  of  teachers  of  mathematics  what  algebra  is 
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required  for  college.  I  said,  *'I  would  divide  the  algebra 
book  into  three  parts,  and  the  first  third  of  it  I  would  ask  the 
student  to  pass  with  a  grade  of  100  per  cent. ;  that  is,  he  could 
"be  perfect;  perfect  through  higher  quadratic  equations.  On 
the  second  third  he  should  pass  an  examination  and  get  50 
per  cent. ;  upon  the  third  part  I  would  not  examine  him  at  all ; 
leave  that  part  of  the  work  for  future  reference."  I  agree 
perfectly  with  Professor  Emory  that  the  use  of  the  last  part 
of  higher  algebra  is  merely  the  cramming  for  examinations 
and  leads  to  that  result. 

The  list  of  prescribed  subjects  given  by  the  Committee 
making  a  total  of  seven  or  eight  units,  leaving  seven  or  six 
additional  units  to  be  elective,  in  order  to  make  a  total  of 
fourteen,  seems  to  the  writer  defective  in  that  it  does  not 
insure  to  the  student  entering  coUege  such  a  sufficiently  broad 
training  in  different  branches  of  desirable  knowledge.  Some 
years  ago  in  considering  this  question  I  made  a  Hst  of  gen- 
eral subjects  in  which  every  high  school  graduate  should 
receive  instruction  in  order  that  he  be  equipped  with  the 
foundations,  at  least,  of  a  broad  and  liberal  culture.  These 
subjects  are:  English,  mathematics,  history,  drawing,  natural 
science,  physical  science  (physics,  chemistry),  foreign  lan- 
guage. 

Not  one  of  these  subjects,  except  possibly  the  last,  can  be 
omitted  from  the  curriculum  of  a  broadly  educated  man.  If 
a  student  neglects  EngHsh  he  is  illiterate;  if  he  does  not 
study  mathematics,  part  of  his  brain  power  is  not  developed; 
if  he  omits  history  he  is  not  an  inteUigent  citizen;  if  he 
knows  nothing  of  drawing  he  will  not  know  how  to  appreciate 
art  or  how  to  express  his  ideas  in  graphical  form;  if  he  does 
not  study  natural  science  the  world  of  nature  is  a  closed  book 
to  him ;  if  he  is  not  instructed  in  the  elements  of  physics  or 
chemistry  he  is  ignorant  of  the  foundations  of  modem  indus- 
trial processes.  He  may  be  able  to  do  without  a  foreign  lan- 
guage, but  the  mental  training  and  discipline,  together  with 
the  improved  knowledge  of  one 's  own  language  that  the  study 
of  a  foreign  language  gives,  make  the  study  a  desirable,  if  not 
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an  essential  one.  Each  one  of  the  several  studies  above  named 
is  essential,  and  essentially  different  from  any  other,  not  only 
in  the  kind  of  information  it  gives,  but  also  in  the  method 
required  to  teach  it  and  in  the  brain  faculty  needed  for  and 
developed  by  its  acquirement.  The  teacher  of  each  one  may 
dilate  upon  any  of  its  especial  merits  as  a  branch  of  education, 
but  the  fact  is  that  they  are  almost  equally  desirable,  and  all 
needed  in  order  to  make  a  man  of  broad  culture. 

I  suggest  the  following  di\'ision  of  the  fourteen  units  among 
the  seven  required  subjects:  English  (2),  mathematics  (3), 
history  (2),  drawing  (1),  natural  science  (1),  physics  or 
chemistry  (1),  foreign  language  (2). — Total  (12).  This 
leaves  two  units  to  be  elective,  which  may  be  either  additional 
units  in  any  of  the  above  subjects,  or  shop  work  (1),  or 
manual  training  (1). 

The  scheme  of  the  Committee  prescribes  only  seven  or  eight 
units,  viz.:  English  (3),  mathematics  (3),  physics  or  chem- 
istry (1),  or  foreign  language  (2).  In  either  case  only  three 
of  the  seven  above  named  subjects  are  prescribed.  The  seven 
or  six  electives  might  be  made  up  in  such  a  way  as  to  leave 
out  drawing  and  natural  science,  both  of  which  are  essential 
to  a  broadly  educated  man. 

We  have  been  talking  lately  about  the  desirability  of  hav- 
ing broad,  liberal  culture.  "We  should  consider  what  is  the 
meaning  of  broad  culture.  Does  it  mean  anything  but  in- 
struction, information,  education  on  a  wide  line  of  subjects? 
If  we  prescribe  but  three  subjects  out  of  seven  that  ought  to 
be  taught,  leaving  the  rest  as  elective,  the  student  may  have 
a  narrow  culture.  By  a  poor  selection  of  electives,  with  aU 
of  his  fourteen  units  he  may  omit  two  things  which  are 
essential  to  an  educated  man,  drawing  and  natural  science, 
biology,  botany,  zoology.  Some  of  those  subjects  ought  to  be 
brought  before  every  high  school  student.  So  I  think  that 
the  Committee  should  broaden  out  the  requirements  and 
insist  on  something  in  all  of  the  seven  subjects  mentioned, 
for  not  one  of  these  may  be  neglected  from  a  curriculum  of  a 
broadly  educated  man. 

24 
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Professor  J.  E.  Boyd :  In  my  opinion  this  report  has  more 
merit  for  the  things  it  leaves  out  than  for  what  it  contains. 
I  judge  elementary  text-books  by  what  they  do  not  contain. 
Some  elementary  text-books  in  physics  discuss  X-rays  and 
polarized  light,  etc.  A  zealous  teacher  wants  to  put  this  into 
the  high  school  curriculum  and  as  a  result  some  very  wishy- 
washy  college  science  is  taught.  Similarly  with  economics. 
We  all  know  that  the  high  school  student  has  not  enough 
maturity  to  appreciate  this  sort  of  teaching,  and  I  am  glad 
to  see  such  subjects  omitted  from  our  list.  I  believe  in  the 
study  of  history,  especially  American  history.  It  is  said  that 
any  educated  man  wants  to  know  what  has  happened.  A 
great  many  of  those  crazy  notions  that  we  see  now  in  eco- 
nomics and  politics  have  been  tried  out,  sometimes  centuries 
ago,  and  if  we  had  read  a  little  history  we  would  have  known 
that  they  had  been  shown  to  be  failures.  Therefore  any  man, 
engineer  or  otherwise,  who  makes  any  claim  to  intelligence 
should  have  some  history  and  the  best  time  for  him  to  get  it 
is  when  he  is  young,  while  his  memory  is  good.  There  is  an 
excellent  reason  for  requiring  at  least  four  units  of  foreign 
language,  and  that  is  to  enable  us  to  get  better  English.  For 
the  English  alone,  I  would  rather  have  a  student  who  had  two 
units  of  English  and  four  units  of  Latin,  German,  or  French 
under  a  good  teacher,  than  one  with  six  units  of  English 
without  the  foreign  language. 

Dean  J.  P.  Jackson:  Kegarding  the  matter  of  adding  to 
the  number  of  subjects  which  are  specifically  and  positively 
required,  I  am  sure,  assuming  that  we  could  by  our  actions 
bind  every  institution  teaching  engineering  in  the  United 
States,  that  the  addition  of  further  specific  subjects  to  the 
entrance  requirements  would  result  in  a  powerful  influence 
on  the  work  of  the  high  schools.  That  might  be  well,  and 
then  it  might  not — the  question  is  debatable.  We  have  had, 
at  Pennsylvania  State  College,  several  conferences  of  high 
school  principals  from  over  the  state.  In  these  conferences 
the  bitterest  and  the  most  earnest  objection  made  to  the 
average  college  is  the  fact  that  students  are  permitted  to 
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enter  only  under  such  rigorous  conditions  as  have  been  out- 
lined in  part  of  this  discussion.  I  am  inclined  to  agree  with 
the  high  school  men  that  it  is  not  well  for  students  to  be  per- 
mitted to  enter  college  only  under  such  rigorous  conditions  as 
suggested,  or  as  now  commonly  exist.  The  high  schools,  which 
are  teaching  from  ten  to  fifteen  young  men  for  each  one  who 
goes  to  the  college,  must  have  as  their  primary  object  the 
preparation  of  the  larger  number  of  these  young  men  directly 
for  life.  If  we  intend  to  be  fair  and  helpful  to  this  great 
number  of  students,  we  must  be  careful  to  make  our  demands 
such  that  they  will  enable  the  preparatory  schools  to  enter 
into  college,  with  as  little  restriction  as  possible,  the  small 
number  of  boys  that  are  able  to  pursue  advanced  study.  I 
believe  that  the  Committee  had  these  ideas  in  mind  when 
making  the  recommendations  which  it  has  submitted  to  you. 

President  Talbot :  The  point  which  Professor  Jackson  makes 
is  a  very  good  one,  one  quite  generally  overlooked  in  college 
administration. 

Professor  Williston:  There  is  at  the  present  time  a  move- 
ment almost  nation-wide  respecting  the  adoption  of  a  more 
liberal  policy  towards  the  high  school  on  the  part  of  colleges, 
in  just  the  direction  that  Professor  Jackson  has  pointed  out. 
The  two  most  conspicuous  examples  of  this  are  the  action  of 
Chicago  University,  which  has  adopted  a  plan  almost  identical 
with  the  one  recommended  by  the  Committee,  except  that  ten 
units  are  prescribed  and  five  are  elective.  This  gives  the  high 
schools  the  freedom  to  do  the  very  thing  to  which  Professor 
Jackson  has  called  attention,  and  at  the  same  time  insists  on 
sufficient  concentration  on  what  are  regarded  as  the  absolutely 
essential  things  in  English,  mathematics  and  science.  The 
Harvard  plan  as  recently  announced,  is  almost  identical  with 
the  Chicago  plan  although  less  definitely  stated.  The  Com- 
mittee of  the  National  Educational  Association  is  working  on 
this,  as  several  other  committees  throughout  the  country  are 
doing.  It  seems  to  me  that  there  is  an  unusual  opportunity 
at  the  present  time  for  the  Society  to  do  a  piece  of  construct- 
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ive  work  in  helping  towards  the  realization  of  a  more  nearly 
common  entrance  requirement  and  a  type  of  requirement 
which  will  make  it  possible  for  high  schools  to  do  a  very  much 
better  grade  of  work  than  they  have  done  in  the  past.  This 
movement  has  been  in  a  certain  sense  a  reform  on  the  part  of 
the  high  school,  a  demand  for  freedom  to  do  justice  to  their 
students  and  to  send  out  boys  not  crammed  for  certain  ex- 
aminations but  equipped  with  ability  and  mental  poise. 

Professor  Magmder:  I  wish  to  draw  attention  to  a  recent 
issue  of  .^■ ':;'': /I  Lt  in  which  a  gentleman  speaking  for  Chicago 
University  called  attention  to  the  fact  that  a  student  must 
present  three  units  in  English  on  a  minimum  of  fifteen  units, 
five  in  modern  language,  history  and  science ;  and  he  particu- 
larly calls  attention  to  the  fact  that  they  need  not  have 
worked  in  three  branches.  That  permits  the  high  school  boy 
to  be  entered  who  has  had  three  units  of  English  and  twelve 
units  of  ancient  and  modern  language,  has  never  studied 
algebra,  geometry  or  trigonometry  and  has  never  done  any 
work  in  science  and  has  never  studied  any  mathematics  except 
what  he  may  have  gotten  from  the  grammar  schools.  That  is 
swinging  the  pendulum  too  far. 

Professor  Hugh  Miller:  At  the  Clarkson  School  of  Tech- 
nology we  admit  chieiiy  on  regent-s'  certificates  of  the  N.  T. 
State  Education  Department  but  I  have  figured  out  our 
requirements  of  seventy-two  regents'  counts  on  the  basis  of 
Carnegie  units.  We  require  thirteen  regents*  counts  in  Eng- 
lish, or  two  and  one  half  Carnegie  units ;  in  the  science  group, 
the  equivalent  of  two  Carnegie  counts;  history  and  social 
science  group,  two;  algebra  (elementary,  intermediate  and 
advanced),  two;  plane  geometry,  one;  solid  geometry,  one- 
half;  total  required,  ten.  Then  electives,  four  and  a  half, 
making  a  total  of  fourteen  and  a  half  counts  required  for 
entrance. 

I  wiU  simply  note  for  example  that  in  the  science  group, 
physics  counts  five  regents'  counts,  or  one  Carnegie  unit; 
chemistry  also  would  be  one  Carnegie  unit;  making  a  total 
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of  two.  That  is  to  say,  a  student  could  offer  both  physics  and 
chemistry  and  get  the  required  counts.  Otherwise  he  could 
present  either  of  those  and  take  any  two  of  the  following 
three,  physiology,  botany  or  zoology,  each  of  which  is  one  half 
a  Carnegie  unit,  or  he  could  take  biology,  advanced  botany  or 
zoology  or  physical  geography,  each  of  which  is  equivalent  to 
one  Carnegie  unit.  That  is  to  say,  he  could  present  either 
physics  or  chemistry,  and  a  combination  of  both  zoology  or 
physiology,  or  any  two  of  the  three  subjects  equivalent  to  one 
half  a  unit,  or  any  one  of  those  equivalent  to  a  full  unit. 
Moreover,  he  could  enter  without  either  physics  or  chemistry, 
provided  he  had  the  necessary  two  units  in  the  science  group, 
but  this  rarely  happens. 

Among  the  electives  are  the  modern  languages  and  a  large 
number  of  miscellaneous  subjects;  in  fact  there  are  fifty  or 
more  subjects  in  the  list  of  electives,  including  all  those  on 
the  board  and  a  great  many  others. 

Professor  Emory:  I  would  like  to  ask  a  question  of  Pro- 
fessor TVilliston,  as  a  representative  of  those  who  desire  to 
expand  the  high  school  work.  How  do  those  in  favor  of  it 
reconcile  the  fact  that  they  quote  President  Elliott  of  Harvard 
University  in  demanding  a  greater  scope  in  elementary  educa- 
tion, while  President  Elliott,  who  inaugurated  the  elective 
system  at  Harvard,  recently  said  it  is  carried  too  far  and 
will  have  to  be  changed  slightly?  How  can  those  two  posi- 
tions be  reconciled  ? 

Professor  Williston:  The  elective  system  when  it  was 
introduced  into  Harvard  resulted  in  a  lack  of  concentration 
on  single  subjects.  In  copying  the  elective  system  of  Harvard 
the  high  schools  have  put  in  a  little  of  each  of  a  great  many 
things,  and  the  colleges,  taking  what  the  high  schools  have 
furnished,  have  required  a  little  of  a  great  many  subjects. 
The  plan  for  which  Harvard  has  been  working  and  for  which 
Dr.  Elliott  has  been  speaking  is  to  permit  the  student  to  elect 
the  type  of  study  for  which  he  believes  himself  naturally 
fitted  and  in  which  his  greatest  interest  lies.     But  in  any 
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selected  course  he  is  expected  to  devote  time  and  attention  to 
his  work  and  to  do  it  thoroughly.  In  other  words,  the  group 
system  has  been  advocated  by  Harvard  and  it  is  in  this  direc- 
tion that  the  high  schools  desire  the  privilege  of  selection,  for 
example  in  the  case  of  the  student  who  wants  mathematical 
training.  So  also  for  the  one  who  wants  natural  science  and 
the  one  who  wants  language.  Each  should  have  time  enough 
for  his  special  group  of  subjects.  Now  if  the  high  schools  in 
different  communities,  meeting  the  respective  needs  of  those 
communities,  adopt  suitable  courses,  these  schools  must  de- 
mand that  the  colleges  be  more  flexible,  giving  a  wider  range 
for  election,  and  giving  a  smaller  list  of  absolutely  prescribed 
subjects,  prescribing  perhaps  two  thirds  and  giving  freedom 
for  the  remainder. 

Professor  Flather:  In  concluding  the  discussion  I  would 
emphasize  the  desire  of  the  committee  that  every  member  of 
this  society  see  to  it  that  the  recommendations  be  adopted  in 
so  far  as  they  can  have  them  adopted  in  their  respective  com- 
munities. Now  we  have  been  in  correspondence  with  all  of 
those  societies  concerned  with  entrance  requirements,  and  our 
recommendations  are  largely  those  which  have  already  been 
agreed  upon  by  the  national  societies.  The  specifications  are 
in  existence  and  are  accepted  largely  by  the  various  examina- 
tion boards.  What  we  want  is  some  degree  of  uniformity. 
We  must  be  moderate  in  our  prescribed  requirements  and  we 
must  ask  for  something  that  will  fit  our  students  for  engineer- 
ing work  and  at  the  same  time  furnish  a  certain  amount  of 
culture  study ;  then  let  the  high  schools  exercise  a  fair  degree 
of  freedom  in  the  choice  of  the  remaining  subjects.  This  does 
not  mean  that  the  pupils  in  the  high  schools  are  going  to 
browse  around.  The  schools  in  general  are  well  organized 
but  they  do  not  always  have  teachers  for  all  the  different 
branches  desired.  Sometimes  it  is  the  sciences,  in  other  cases 
it  may  be  the  languages  that  must  be  reduced.  In  such  cases 
it  may  be  that  there  is  a  good  teacher  of  history.  Now  a 
student  coming  from  such  a  high  school  which  gives  a  good 
course  in  history  can  elect  four  units  in  the  history  group. 


REPORT  ON  ENTRANCE  REQUIREMENTS.  375 

Other  schools  may  not  have  a  good  teacher  in  history,  but 
may  have  excellent  courses  in  physics  and  chemistry.  A  cer- 
tain freedom  of  choice  should  therefore  be  allowed  to  the  high 
schools  in  order  that  they  may  adapt  their  curricula  to  their 
particular  conditions.  Since  we  should  not  be  too  rigid  in 
our  requirements,  let  us  agree  on  a  group  of  seven  or  eight 
subjects,  as  indicated  here,  and  then  let  the  high  schools  fill 
in  the  other  requirements  from  a  list  of  eleetives  which,  how- 
ever, should  not  be  too  comprehensive.  "With  such  an  ac- 
cepted list,  provided  the  subjects  be  properly  taught,  a  boy 
can  prepare  in  any  high  or  secondary  school  for  any  college. 
This  is  what  we  have  been  aiming  at  for  years,  namely,  that 
it  shall  be  unnecessary  to  choose  any  particular  college  and 
prepare  for  it  four  years  before  matriculation. 


LOGARITHMIC   DIAGRAMS   AND   THEIR   USE   IN 
LABORATORY  WORK. 

BY    ME.    H.    A.    GEHEING, 
Department  of  the  Xew  York  State  Engineer,  Albany,  N.  Y. 

For  several  years  I  have  had  occasion  to  compute  the  flow 
of  rivers  from  records  kept  at  various  dams.  These  records 
include  the  observed  gage  readings  and  the  different  lengths 
and  heights  of  flashboards  on  both  dam  and  spillway.  At  the 
time  when  I  first  took  up  this  work,  the  method  in  use  was  to 
make  out  rating  tables  for  all  those  conditions  of  flashboards 
which  seemed  to  obtain  most  of  the  time,  but  there  were  also 
many  conditions  which  obtained  for  short  periods  of  time 
for  which  no  tables  were  prepared.  The  discharge  for  these 
conditions  was  computed  by  formulee.  Obviously,  where  the 
crest  conditions  changed  frequently,  it  was  a  long  and  tedious 
task  to  compute  the  discharge. 

My  attention  was  called  to  several  articles  in  the  Engineer- 
ing News  in  which  logarithmic  diagrams  were  presented  and 
it  was  suggested  to  me  that  I  study  into  the  principles  on 
which  such  diagrams  are  constructed  with  a  view  to  applying 
them  to  computations  of  the  kind  above  given.  Of  the  dia- 
grams accordingly  constructed  one  in  particular  has  proved 
exceedingly  practical  and  time-saving.  This  diagram  gives 
the  discharge  over  any  length  of  crest  for  any  head  and  for 
any  coefficient. 

During  three  years,  while  an  instructor  in  hydraulics  and 
mechanics  at  Cornell  University,  I  had  considerable  experi- 
ence in  laboratory  work.  This  experience  has  led  me  to  con- 
clude that  logarithmic  diagrams  can  be  used  to  good  advantage 
in  the  laboratory,  and  for  the  purpose  of  presenting  this  sub- 
ject before  this  society,  I  have  prepared  the  following  paper 
which  is  divided  into  two  parts. 

376 
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Part  1.  Principles  of  Logarithmic  Diagrams  and  the  de- 
velopment of  equations  capable  of  being  represented  dia- 
grammatically. 

This  part  appears  in  fuU  in  my  article  in  the  Engineering 
Record  of  January  15,  1910.  It  was  originally  intended  to 
reprint  it  at  this  time,  but  upon  further  consideration  it 
seemed  inadvisable  to  do  so  because  it  is  entirely  of  a  theo- 
retical nature,  and  because  the  above  periodical  is  accessible 
to  all  who  desire  to  investigate  farther. 

Part  2.  Suggestions  regarding  laboratory  work  with  an 
Illustration  of  the  applicability  of  logarithmic  diagrams 

In  the  first  place  I  believe  firmly  in  the  graphical  repre- 
sentation of  equations.  Many  data  are  conveniently  put  into 
tabular  form,  but  where  the  data  acquired  can  be  stated  in 
the  form  of  an  equation,  their  representation  graphically  is 
not  only  of  practical  accuracy  and  convenience,  but  it  also 
stimulates  in  the  student  the  excellent  habit  of  graphical  rep- 
resentation wherever  possible. 

The  best  method  of  presenting  the  subject  of  logarithmic 
diagrams  to  the  student  is  in  connection  ^^-ith  a  laboratory 
course.  I  am  inclined  to  believe  that  too  large  a  percentage 
of  the  time  assigned  to  a  laboratory  course  is  spent  in  the 
computing  room,  and  the  adoption  of  means  to  facilitate  the 
computations  is  highly  desirable.  Also  as  much  of  the  com- 
puting as  possible  should  be  done  in  the  laboratory  itself  and 
during  the  course  of  the  experiment,  leaving  some  period  as- 
signed to  the  computing  room  to  be  used  in  writing  up  a 
report  on  the  work  with  a  discussion  of  the  results  obtained. 

I  desire  to  lay  great  stress  on  the  advisability  of  carrying 
on  a  certain  amount  of  the  computations  abreast  of  the  experi- 
ment. Too  often  in  the  computing  room  results  are  obtained 
which  are  obviously  wrong.  Much  time  is  then  wasted  by  the 
student  in  attempts  to  recaU  the  circumstances  of  the  experi- 
ment to  see  what  might  have  caused  such  an  error,  but  he 
cannot  find  the  cause.  It  might  have  been  an  error  in  reading 
a  gage,  or  the  incorrect  recording  of  the  stop-watch,  or  an 
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anoljserved  leakage  of  a  valve,  or  as  is  frequently  the  case, 
the  man  recording  the  data  might  have  failed  to  hear  and 
record  accurately  the  information  given  to  him.  If  all  of 
the  observed  data  can  be  utilized  immediately  to  obtain  the 
computed  quantities  finally  desired,  any  error  or  discrepancy 
can  be  detected  at  the  critical  moment  and  rectified  while  the 
apparatus  is  still  in  position.  Si>eaking  from  my  own  ex- 
perience, I  can  state  that  the  whole  class  is  reasonably  inter- 
ested in  the  laboratory  work  while  becoming  familiar  with 
the  apparartus,  and  until  a  point  is  reached  where  each  man 
has  had  an  opportunity  to  read  the  different  gages  and  to 
obtain  the  different  observed  quantities.  Generally  speaking, 
from  that  point  on,  the  remainder  of  the  work  is  done  more  or 
less  mechanically  and  vrith  a  lagging  inter^l;  which  injects 
into  the  students  a  carelessness  often  evidenced  by  erroneous 
observations.  Right  here  lies  one  of  the  strongest  features  of 
the  system  of  plotting  and  computing  the  data  as  quickly  as 
observed  and  recorded,  as  by  so  doing,  carele^ness  is  imme- 
diately  detected  and  the  guilty  student  apprehended.  Hence 
this  method  yields  both  greater  eflBciency  and  greater  interest, 
and  indeed  the  latter  alone  need  only  be  mentioned,  for 
greater  interest  must  of  necessity  imply  a  higher  efficiency. 

By  way  of  illustration  I  will  assume  a  class  in  experimental 
hydraulics  and  an  experiment  to  determine  the  law  of  friction 
in  a  4-inch  pipe.  I  will  also  assume  that  the  pipe  is  laid 
horizontally  so  that  the  loss  of  head  read  on  the  di5erential 
pressure  gage  may  be  attributed  entirely  to  friction.  For 
small  velocities  the  water  will  flow  into  a  pan  placed  on  a  scale 
and  will  be  weighed,  while  for  larger  velocities  a  calibrated 
tank  will  be  used  to  determine  the  total  flow  during  the  run. 
The  quantities  observed  are  either  the  total  weight  of  water 
in  pounds,  W,  or  the  total  volume  in  cubic  feet.  Qt,  the  length 
of  the  run  in  seconds,  T,  and  the  readings  of  both  l^s  of  the 
differential  pressure  gage.  This  actual  observed  loss  of  head 
I  will  designate  by  Hi  and  the  loss  in  feet  per  thousand  feet 
by  H,. 
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As  soon  as  any  run  is  completed  and  the  observed  data  re- 
corded by  the  recorder,  the  latter  refers  to  the  diagram 
shown  in  figure  1  and  with  a  thread  stretched  taut  obtains 
the  velocity  indicated  by  the  observed  total  flow  and  the 
length  of  the  run.  This  diagram  should  have  been  constructed 
by  each  student  previous  to  the  experiment  and  during  an 
assigned  computing  period  after  a  lecture  by  the  instructor 
in  charge.  "While  a  diagram  can  be  made  applicable  to  more 
than  one  diameter  of  pipe,  it  is  advisable  to  require  each 
student  to  construct  a  diagram  for  each  size  of  pipe  to  be 
tested.  This  both  gives  him  a  better  drill  in  and  understand- 
ing of  the  diagrams,  and  also  allows  the  diagram  for  each  pipe 
to  be  drawn  to  a  larger  scale  than  would  be  convenient  where 
too  large  a  range  of  values  is  attempted  on  one  diagram.  The 
equations  for  this  diagram  are  obtained  as  follows: 

When  the  volume  of  water  in  cubic  feet  is  observed  and  the 
diameter  of  the  pipe  is  in  inches, 

which  for  d  =  4"  becomes 

^^  =  0.087  VT. 

"When  the  water  is  weighed,  assuming  the  weight  per  cubic 
foot  as  62.5  pounds,  the  resulting  equation  becomes 

T7  =  5.45yr. 
Ordinary  logarithmic  cross  section  paper  should  also  be 
on  hand  in  the  laboratory,  and  as  soon  as  the  mean  velocity  is 
obtained  as  above  described,  it  is  plotted  on  this  paper  as  an 
abscissa  with  the  loss  of  head  in  feet  per  one  thousand  feet,  H", 
as  ordinate,  computed  from  the  observed  loss,  Hi^.  After  a 
few  points  are  thus  plotted  and  the  slope  of  the  line  well 
defined,  any  subsequent  point  which  falls  appreciably  off  the 
line  immediately  indicates  an  error  somewhere.  In  this  way 
some  fault  with  the  apparatus  or  gages  is  often  detected  which 
otherwise  might  have  been  overlooked  and  so  have  affected  a 
series  of  runs,  and  this  fact  would  not  have  become  known 
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nntil  perhaps  a  week  later  when  the  class  met  for  computa- 
tions.  When  the  experimental  work  has  been  completed,  not 
only  has  every  stndent  had  an  oportrmity  of  learning  the 
details  of  the  experiment,  bnt  all  the  results  obtained  have 
already  been  plotted. 

If  no  farther  experiments  on  other  pipes  are  contemplated, 
the  next  assigned  laboratory  period  should  be  devoted  to  com- 
puting. All  the  data  obtained  during  the  actual  experiment 
should  be  in  the  possession  of  the  instructor  in  charge  between 
meetings  of  the  class.  In  this  interval  he  can  examine  the 
data  at  his  leisure,  and  having  weighed  the  plotted  jwints, 
draw  in  the  final  line.  The  first  part  of  the  computing  period 
should  be  devoted  to  a  review  of  the  experiment  by  the  in- 
structor and  to  clearing  up  all  points  of  doubt.  Each  student 
should  then  be  asked  to  plot  the  points  on  a  sheet  of  ordinary 
logarithmic  cross  section  paper  and  to  reproduce  the  line  as 
established  by  the  instructor,  obtaining  its  equation  in  the 
form, 

H,  =  mV*. 

When  this  has  been  done,  a  brief  report  should  be  written  by 
each  student  and  this  submitted  with  his  own  plotting.  The 
work  done  in  the  computing  room  ought  not  to  require  more 
than  one  hour  of  time. 

I  now  wish  to  arrive  approximately  at  the  percentage  of 
time  saved  through  the  adoption  of  the  idea  of  plotting  the 
data  obtained  during  the  course  of  the  experiment  itself  and 
through  the  facilities  of  the  logarithmic  diagram  used.  In 
doing  this,  I  will  not  count  in  the  time  devoted  to  the  con- 
struction of  the  diagrams,  as  diagram  Xo.  1  can  be  used  for 
subsequent  experiments  and  hence  this  time  cannot  properly 
be  ehai^^  against  the  particular  experiment  in  question- 
Assuming  three-hour  laboratory  session^,  there  are  three 
hours  given  to  the  experimental  work  and  the  collecting  of 
data.  When  these  data  must  be  computed  in  the  computing 
room  at  the  next  meeting  of  the  class,  my  experience  leads  me 
to  conclude  that  not  less  than  three  hours  will  be  required 
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Logarithmic  Diagram. 
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for  this  work  when  done  by  the  use  of  tables  and  slide  mle. 
I  think  that  this  is  a  very  fair  estimate,  because  an  undue 
proportion  of  time  is  usually  spent  on  points  which  are  ob- 
viously wrong  in  an  attempt  to  recall  the  dreumstances  of 
the  experiment  and  so  explain  the  wide  discrepancies  which 
it  is  not  expedient  to  ignore.  At  the  following  meeting  of  the 
class,  another  hour  devoted  to  a  talk  by  the  instructor  and  to 
wiitiDg  up  a  report  on  the  experiment  may  be  sufficient  to 
dispose  of  the  entire  subject;  and  hence  I  will  allow  a  total 
cf  5-vrr  .  the  experiment  and  report  and  the  obtaining 

L    ::     ^  r>ii.non  representing  the  law  of  friction  in  the  4-inch 

^  -r  -  ■ 

By  the  method  of  computing  and  plotting  in  the  laboratory 
si^  -^  :  ^T  rzjlained  a  total  of  4  hours  will  suffice.  Thus  it  will 
':  i  :: : :  T  i  lii^t  a  saving  of  3  hours  has  been  effected,  and  this 
iht^::-  i  saving  of  43  per  cent,  in  time. 

I:  ::  :  —  ents  on  other  sizes  of  pipe  are  to  foUow,  these 
sr  :  :   L  r formed  at  suocessiTe  periods  and  the  data  ob- 

5  :  7  i  /_  1  „  uted  in  the  laboratory  should  be  left  with  the 
i--::  u  -  :  Av  ::r.:r^  that,  in  all,  three  sizes  of  pipe  have 
hcxiiL  cxpciiii^cnied  on  and  three  sets  of  plottings  obtained,  an 
inspection  of  the  diagrant,  shown  in  Fig.  2,  wHl  make  it 
apparent  that  if  each  line  were  drawn  by  itself  without  any 
reference'  to  the  other  lines,  each  line  might  justly  have  a 
different  slope  n  and  coefficient  m.  To  obtain  uniformity  of 
results  which  I  think  is  advisable  in  an  experiment  like  this, 
the  instnietor  should  give  due  consideration  to  the  plotted 
data  and  by  trial  obtain  one  line  which  will  answer  for  each 
of  the  three  sets  of  points. 

At  the  next  meeting  of  the  class  for  computations,  where 
a  scries  of  pipes  have  been  experimented  on,  I  do  not  con- 
sider it  necessary  for  each  student  to  plot  aU  the  points  for 
tiie  experiments.  If  the  laboratory  work  has  been  arranged 
to  the  best  advantage,  each  student  will  have  had  an  oppor- 
tani^  to  iaike  notes  and  plot  some  of  the  points.  He  should, 
however,  equip  himself  with  a  sheet  or  logarithm ic  cross  see- 
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tion  paper  with  four  panels  as  shown  in  diagram  No.  2  and 
on  it  reproduce  the  three  lines  as  determined  by  the  instruc- 
tor.    The  resulting  equations  are  as  follows: 


For  the  2"  pipe,  5"^=  3.5684  F^  ^e 
For  the  6"  pipe,  J?^  =0.9038  yi«« 

For  the  4"  pipe,  fl"^  =1.5003  V'^' 


(A) 
(C) 

(B) 


Here  the  student's  attention  should  be  called  to  the  fact  that 
the  exponent  of  V  is  the  same  for  any  size  of  pipe,  and  the 
question  should  be  propounded  "What  will  the  coefiBcicnt 
reduce  to  when  the  diameter  of  the  pipe  is  1  foot  or  12 
inches?"  To  ascertain  this,  the  student  should  note  that  for 
V=l  foot  per  second. 


also 
and 


H,  =  3.5684:  when  d  =  2", 
£':,=  0.9038  when  d  =  6". 
.ff:,  =1.5003     when  cZ  =  4", 
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Hence  plotting  these  values  of  Hf  as  ordinates  with  the  cor- 
responding values  of  d  as  abscissae,  there  results  the  line 
marked  A.  To  determine  its  equation,  it  must  be  extended 
until  it  intersects  the  vertical  line  for  (f  =  12",  -when  the 
value  of  Rjr  becomes  0.38.  The  slope  of  the  line  is  negative 
since  H  ^  decreases  as  d  increases,  and  its  value    is    1.25. 

1 

Hence  the  equation  of  this  line  becomes  Rr  =  0.38  — ^ 

Combining  this  with  the  results  of  equation  (A),  (B)  and 

yi.86 
(C)  there  is  developed  the  general  equation  Hp=0.3S-j^^ 

which  holds  good  for  all  sizes  of  pipe  and  for  all  velocities. 

This  equation  is  of  standard  form  and  is  frequently  seen 
in  engineering  literature,  vet  few  students  know  how  it  is 
derived.  I  have  no  doubt  but  that  in  most  laboratory  courses 
in  Experimental  Hydraulics,  not  enough  time  is  available  for 
the  course  to  permit  of  devoting  to  the  subject  of  friction  in 
pipes  the  time  required  to  develop  this  equation.  If,  how- 
ever, an  appreciable  saving  of  time  can  be  effected  by  the 
adoption  of  means  to  facilitate  the  computation  of  data,  it 
may  become  possible  to  develop  this  general  equation,  and  it 
is  surely  advisable  to  do  so. 

Now  to  arrive  at  an  approximate  idea  of  the  time  saved 
through  plotting  the  results  during  the  course  of  the  experi- 
ment itself  and  through  the  facilities  of  logarithmic  diagrams, 
I  will  make  the  assumption  that  the  equipment  of  the  labora- 
tory is  such  as  to  require  a  full  three  hour  period  for  the 
experimental  work  on  each  of  three  pipes  to  be  tested.  If, 
then,  9  hours  are  devoted  to  obtaining  observed  data,  so 
much  data  will  be  collected  that  say  6  hours  will  be  required 
to  make  the  computations  in  the  computing  room.  Allowing 
1  hour  for  a  report  on  the  experiment,  there  results  a  total 
of  16  hours  devoted  to  the  work.  By  carrying  on  the  com- 
putations and  the  plotting  abreast  of  the  experiment,  these  6 
hours  of  computing  can  be  saved;  hence  a  total  of  10  hours 
only  will  be  necessary  for  the  work;  or  a  saving  of  38  per 
cent,  in  time. 
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Too  much  weight  must  not  be  given  to  the  actual  percent- 
ages of  time  saved  which  I  have  deduced.  The  significance  of 
these  figures  lies  not  in  the  fact  that  they  show  just  what  time 
can  actually  be  saved  by  the  methods  above  described,  but 
in  the  fact  that  they  do  demonstrate  that  a  sufficient  saving 
of  time  can  be  effected  to  warrant  the  consideration  of  our 
engineering  faculties. 

DiSCT'SSIOX. 

Professor  Geo.  Jacob  Davis,  Jr.  (by  letter) :  Laboratory 
courses  are  planned  with  various  purposes  in  view,  depend- 
ing upon  the  nature  of  the  subject  to  be  taught,  the  time 
available,  the  adequacy  of  the  equipment,  the  ability  and  ex- 
perience of  the  instructors  and  the  previous  preparation  of 
the  students.  A  course  may  be  planned  to  give  merely  fami- 
liarity with  certain  instruments  or  machines,  and  a  knowledge 
of  the  methods  of  their  calibration,  adjustment  and  use,  it 
may  be  intended  to  teach  the  general  principles  and  methods 
of  experimental  work,  or  it  may  be  planned  to  illustrate  and 
emphasize  the  theoretical  relations  involved  in  the  subject. 
In  only  exceptional  cases,  where  a  large  amount  of  time  is 
available  for  the  purpose,  can  an  attempt  be  made  to  develop 
skill  in  experimental  work. 

In  those  elementary  courses  dealing  primarily  with  appa- 
ratus, there  is  usually  little  time  for  or  need  of  the  use  of 
logarithmic  diagrams,  such  as  those  described  by  the  author. 
Their  use  as  tools  for  expediting  and  facilitating  routine 
computations  is  offset  by  the  time  required  for  explaining 
their  construction  and  use,  and  by  the  loss  of  practice  in  cal- 
culating, which  is  badly  needed  by  most  engineering  students. 
When  the  aim  of  the  course  is  to  develop  in  the  student  the 
ability,  not  only  to  perform  experiments  himself,  but  to 
analyze  and  interpret  the  experimental  results  of  others,  then 
the  value  of  such  work  as  is  described  by  the  author  becomes 
apparent.  Constantly,  throughout  the  career  of  the  engineer,  he 
is  called  upon  to  select  and  use  experimental  coefficients, 
many  of  which  are  inconsistent  or  based  on  inadequate  or 
faulty  experiments.     It  is,  therefore,  of  considerable  impor- 

25 
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tance  tliat  the  engineering  graduate  should  be  acquainted 
with  some  of  the  methods  of  analyziiig  experimental  results, 
so  that  he  may  be  able  to  select  for  his  use  those  that  seem  to 
be  most  reliable.  One  of  the  most  convenient  and  valuable 
means  of  comparing  the  results  of  experiments  is  by  plotting 
them  to  logarithmic  scale,  as  illustrated  by  the  author's 
Fig.  2. 

For  several  years  it  has  been  the  writer's  custom  to  devote 
one  lecture  to  a  discussion  of  the  various  methods  of  compar- 
ing experimental  results  and  of  detecting  instrumental  and 
observational  errors,  and  another  lecture  to  an  explanation 
of  the  method  of  determining  the  equation  of  a  line  averaging 
experimental  values  which  fall  on  one  of  the  simpler  mathe- 
matical curves.  Following  this  the  students  are  required  to 
determine  the  equation  of  a  Line  satisfying  certain  experi- 
mental values  which  are  given  to  them  from  some  reliable 
experimental  data.  The  purpose  of  these  lectures  and  the 
problem  has  been  to  impress  the  student  with  the  fact  that  it 
is  important  that  experimental  coefficients  be  compared  and 
verified,  and  to  acquaint  him  with  a  few  of  the  simpler 
methods  of  accomplishing  these  ends.  It  has  been  deemed 
inexpedient  to  devote  a  larger  amount  of  time  to  work  of  this 
sort  in  a  short  course  in  hydraulics. 

The  experience  of  the  writer  has  led  him  to  be  opposed  to 
any  considerable  amount  of  computing  in  the  laboratory. 
As  the  work  is  planned  in  the  Hydraulic  Laboratory  of  the 
University  of  Wisconsin  the  average  student 's  time  and  atten- 
tion are  fully  occupied  with  the  details  of  the  experiment  in 
progress  during  the  two  hour  period.  The  calculations  are 
more  accurately  and  quickly  made  under  the  more  favorable 
conditions  of  the  computing  room.  Very  little  time  need  be 
lost  in  an  effort  to  adjust  points  which  are  obviously  wrong, 
for  the  instructor  can  readily  recognize  blunders  in  reading 
time,  or  weights,  and  other  common  errors.  The  greatest 
cause  of  lost  time  in  the  computing  room  is  the  hunting  of 
errors  due  to  careless  calculating.  This  trouble  would  be 
increased  if  the  computing  were  done  in  the  confusion  of  the 
laboratory. 
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BY  JAMES  M.  WHITE, 
Professor  of  Architectural  Engineering,  University  of  Illinois. 

The  principles  underlying  the  science  of  planning  lar^e 
groups  of  buildings  were  well  understood  centuries  ago,  but 
their  application  to  the  special  problems  of  the  engineering 
college  is  a  distinctly  modern  one,  which,  because  of  rapidly 
changing  conditions  with  reference  to  the  relation  and  im- 
portance of  the  different  kinds  of  instructional  and  experi- 
mental work,  requires  a  new  solution  every  decade.  The  prob- 
lem in  its  true  magnitude  has  been  confronted  only  where 
campuses  have  been  entirely  rebuilt,  as  proposed  at  the  Univer- 
sities of  California  and  Minnesota,  and  in  such  rare  instances 
as  we  have  here  in  Pittsburgh  in  the  Carnegie  Technical 
Schools  and  the  "Western  University  of  Pennsylvania.  Other 
institutions  have  individual  buildings  splendid  either  archi- 
tecturally or  in  their  adaptability  to  certain  phases  of  engi- 
neering instruction,  such  as  the  Russell  Sage  Laboratory  at 
Rensselaer  and  the  Carnegie  Laboratory  of  Engineering  at 
Stevens  Institute,  but  most  of  them  are  examples  of  what  is 
possible  with  Limited  funds  on  inadequate  ground  areas.  The 
engineering  building  at  the  University  of  Pennsylvania  is 
probably  the  best  example  in  the  world  of  an  engineering 
college  under  one  roof,  and  though  the  arrangement  has  its 
administrative  advantages,  with  more  ground  available,  the 
problem  would  doubtless  have  been  solved  very  differently. 

The  single  building  plan  is  diflBcult  to  treat  as  an  archi- 
tectural unit  because  of  the  varied  requirements  with  regard 
to  story  heights,  lighting,  free  floor  area,  etc.,  for  the  several 
shops  and  laboratories.  If  class  and  drawing  room  exercises 
can  be  confined  to  the  morning  and  shop  and  laboratory 
courses  be  programed  in  the  afternoon,  so  as  to  avoid  the 
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interference  due  to  noise  and  vibration,  the  plan  is  a  feasible 
one.  In  general,  however,  the  group  plan  is  certain  to  meet 
with  most  favor  for  the  following  reasons : 

1.  The  buildings  can  be  isolated  sufficiently*  to  diminish 
the  fire  hazard  and  they  therefore  need  not  be  absolutely 
fireproof. 

2.  Laboratories  which  are  objectionable  because  of  noise, 
vibration  or  dirt  can  be  isolated.  Koad  laboratories  with 
rattlers,  locomotive  laboratories  and  combustion  laboratories 
are  instances  of  the  above. 

3.  The  lighting  and  ventilating  are  simpler  problems. 

4.  Story  heights  may  be  readily  varied  to  suit  conditions. 

5.  Materials  and  equipment  can  be  more  easily  handled. 

6.  The  expansion  of  departments  is  more  readily  accom- 
plished. 

7.  Yard  area  can  be  available  in  immediate  connection  with 
each  shop  and  laboratory. 

8.  The  greater  the  diversity  in  the  purposes  to  which  build- 
ings are  put,  the  more  advantageous  the  group  plan  becomes. 

A  successful  group  plan  must  be  based  on  a  comprehensive 
administrative  plan.  In  most  engineering  colleges  the  depart- 
ments offering  courses  leading  to  a  degree,  as  C.E.,  M.E,,  E.E., 
etc.,  are  the  administrative  units  and  buildings  are  provided 
for  each,  while  in  others,  departments  of  instruction  such  as 
surveying,  mechanics,  structural  engineering,  hydraulics,  etc., 
are  the  administrative  units,  and  departments  teaching  work 
requiring  similar  housing  are  grouped  together.  The  latter 
method  makes  the  best  classification  for  building  purposes, 
because  if  one  department  expands  into  a  new  building,  the 
space  left  will  usually  be  suitable  for  the  remaining  depart- 
ments to  use. 

A  study  of  our  most  important  colleges  shows  that  in  gen- 
eral the  offices,  class,  drawing  and  computing  rooms  are  in 

*  At  least  60  feet  between  masonry  buildings  with  stone,  terra  cotta  or 
metal  cornices  and  slate  roofs,  provided  the  buildings  are  not  over  three 
stories  high.    Lower  buildings  may  be  placed  a  little  closer. 
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one  building,  and  the  shops  and  laboratories  are  more  or  less 
separated  but  contain  offices,  computing  rooms  and  demonstra- 
tion rooms.  With  small  departments  where  there  is  only  one 
section  in  the  advanced  courses,  many  instructors  prefer  to 
have  the  laboratory,  recitation  and  drawing  work  in  the  same 
building;  but  this  is  hardly  feasible  with  a  large  department 
where  students  from  other  departments  are  handled  in  some  of 
the  same  courses. 

There  are  no  absolute  standards  for  the  design  of  the  class- 
room type  of  building,  though  they  are  fairly  uniform  in 
arrangement.  This  is  also  true  of  shops,  but  with  labora- 
tories we  find  a  very  great  diversity,  which  is  not  strange 
when  we  consider  that  mechanical  engineering  instruction 
requires  laboratories  for  experiments  on  steam  engines  and 
turbines,  internal  combustion  engines,  heating  and  ventilating, 
refrigeration,  compressed  air,  hoisting  apparatus,  oil,  gas  and 
fuels;  and  that  electrical  engineering  education  requires  at 
least  a  dynamo  laboratory,  a  high  tension  laboratory  and  an 
electro-chemical  laboratory. 

For  a  materials  testing  laboratory,  including  cements  and 
road  materials,  we  have  about  the  most  varied  requirements 
imaginable;  but  even  they  are  more  nearly  standard  than  are 
those  for  the  hydraulic,  railway,  mining,  ceramics,  and  chemi- 
cal engineering  laboratories,  which  present  entirely  new  sets 
of  conditions. 

The  most  noticeable  trend  in  the  development  of  laboratory 
work  is  the  demand  for  out-door  space,  which  has  a  very  im- 
portant bearing  on  the  selection  of  a  site.  The  position  of  the 
engineering  college  buildings  on  the  campus  is  usually  near 
the  power  house,  which  is  generally  at  the  low  point  of  the 
grounds.  The  large  amount  of  power  required  makes  this  ad- 
visable, and  a  spur  from  the  coaling  track  can  be  run  into  the 
laboratory  yards.  If  there  are  to  be  two  distinct  types  of 
building  in  the  group,  they  should  not  be  laid  out  in  a  single 
quadrangle,  but  rather  in  two  groups,  those  of  uniform  height 
and  style  in  one,  and  the  laboratories  and  shop  buildings  in 
the  other  with  plenty  of  out-door  space  which  will  vary  from 
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that  required  for  lumber  storage,  a  dry  kiln  and  shaving  bin 
in  connection  with  the  pattern  shop,  to  several  acres  for  a 
materials  testing  laboratory. 

The  area  of  six  city  blocks*  would  not  be  a  too  generous 
one  for  the  purely  technical  instructional  work  of  an  engineer- 
ing college  expecting  an  enrollment  of  2,000  students  in  the 
next  ten  years,  assuming  both  shop  and  laboratory  instruction 
to  be  given.  The  areas  required  in  the  several  buildings  for 
a  given  number  of  students  will  depend  upon  the  arrangement 
of  the  program,  the  size  of  laboratory  units,  and  the  method 
of  instruction.  At  Illinois  the  shops  and  laboratories  are 
operated  all  day,  which  makes  four  shop  sections  possible. 
The  accompanying  table  gives  data  concerning  the  area  re- 
quired per  pupil  in  shops  and  laboratories,  based  upon  the 
present  facilities  at  Illinois. 

Two  years  ago  the  University  of  Illinois,  with  both  types  of 
building  in  use  five  and  one  half  days  a  week,  had  120,000 
square  feet  of  net  floor  area  (gross  area  minus  walls  and  cor- 
ridors) devoted  to  technical  instruction  in  the  engineering 
college  in  shop,  laboratory  and  class  room  buildings,  which 
was  100  square  feet  per  student.  Of  this  69  square  feet  were 
in  laboratory  and  shop  buildings,  and  31  square  feet  in  class 
room  buildings.  Only  five  per  cent,  of  the  space  in  the  labora- 
tory and  shop  buildings  was  in  class  rooms.  The  net  area  in 
the  shop  and  laboratory  buildings  was  88  per  cent,  of  the  gross 
area  and  in  the  class  room  type,  63.3  per  cent.  The  relative 
gross  areas  may  therefore  be  taken  in  round  numbers  at  77 
and  49  square  feet  each  per  pupil.  If,  therefore,  we  should 
design  the  laboratories  and  shops  as  one-story  buildings,  and 
the  class-room  buildings  as  three-story  structures,  the  ground 
area  covered  by  shops  and  laboratories  would  be  seventy- 
seven  divided  by  one  third  of  forty-nine,  or  4.7  times  that  for 
class-room  buildings,  without  considering  yard  areas.  These 
figures  apply  only  where  the  relative  amounts  of  laboratory 
and  shop  work  approximate  those  at  Illinois,  with  about  the 

*  A  total  area  of  about  25  acres. 
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same  distribution  of  students  in  courses.  They  are  not  in- 
tended as  designing  data  but  rather  to  call  attention  to  the 
fact  that  the  buildings  of  secondary  importance  architectur- 
ally will  predominate  in  the  scheme. 

A  study  of  the  recently  built  shop  and  laboratory  build- 
ings listed  below  shows  that  they  have  been  designed  as  in- 
dependent structures,  probably  because  of  the  impossibility  of 
conforming  to  the  existing  conditions.  If  this  conclusion  is 
correct  it  is  the  strongest  possible  argument  for  the  need  of  a 
comprehensive  campus  scheme. 

The  most  interesting  points  for  comparison  in  these  build- 
ings are  the  type  of  cross  section,  the  method  of  lighting, 
and  the  kind  of  floor  construction.  Shop  and  laboratory  build- 
ings have  usually  been  one  story  high ;  forty  to  sixty  feet  wide ; 
lighted  by  monitors  as  well  as  side  windows ;  with  the  trusses 
spaced  close  enough  to  support  line  shafts,  and  with  floors  laid 
on  the  ground.  The  overhead  belting  interferes  with  the  ap- 
pearance of  the  room  as  well  as  with  supervision  and  a  twenty- 
five  foot  spacing  for  roof  trusses  is  more  economical  than  the 
ten  or  twelve  feet  necessary  to  support  line  shafts.  The  shop 
with  a  basement  or  with  unit  drive  for  the  machines  over- 
comes both  diflSculties.  To  secure  a  steadier  light  and  wider 
floor  spaces,  the  saw-tooth  roof  construction  has  met  with 
favor,  though  at  the  sacrifice  of  architectural  effect. 

The  laboratory  cross-section  is  also  undergoing  a  change 
and  galleries  are  being  introduced  for  lighter  equipment.  The 
height  required  for  a  traveling  crane  is  usually  sufiScient  to 
allow  galleries  with  a  height  of  ten  feet  below  them,  and  the 
galleries  need  not  project  enough  to  interfere  with  the  opera- 
tion of  the  crane.  This  arrangement  of  space  is  also  eco- 
nomical from  the  instructional  standpoint  because  of  the  ease 
of  supervision. 

A  second  gallery  might  be  built  for  calibration  work  if  the 
first  galleries  are  built  heavily  enough  for  the  operation  of 
small  engines,  pumps  and  dynamos,  and  the  main  floor  be  re- 
served for  condensers,  boilers,  gas  producers,  refrigerating 
machinery,  etc.     Such  an  arrangement  would  be  economical 


392  AECHITECTUBE   OF   ENGINEERING   SCHOOLS. 

from  all  points  of  view,  including  the  handling  of  equipment 
by  the  crane. 

The  floor  construction  is  an  important  one  to  consider  be- 
cause of  the  hea\'y  wear  upon  the  surface,  the  need  of  rigidity, 
the  readiness  with  which  machines  can  be  attached  and  the 
facility  with  which  openings  can  be  cut  through  for  pipes  and 
wiring.  A  reinforced  concrete  floor  gives  the  rigidity,  but  is 
supposed  to  have  many  objections  from  the  other  standpoints, 
most  of  which  are  controverted  in  an  article  in  the  Engineer- 
ing Magazine  for  April,  1911,  entitled  "Objections  to  Use  of 
Reinforced  Concrete." 

The  Aberthaw  Construction  Company,  of  Boston,  has  pub- 
lished a  very  interesting  bulletin  entitled  ""Wearing  Surfaces 
for  Factory  Floors, ' '  which,  though  primarily  a  discussion  of 
the  relative  advantages  of  granolithic  and  wood  floors,  gives 
specifications  for  other  types,  such  as  the  composite  floor  with 
a  tar  concrete  base,  plank  sub-floor  and  maple  top  flooring, 
and  a  wood  top  floor  on  a  concrete  base.  Their  conclusion  is 
that  the  granolithic  floor,  if  it  can  be  properly  warmed,  is  the 
most  satisfactory  and  most  economical  and  that  the  difficulty 
of  fastening  machines  to  the  floor  is  very  much  less  than  gen- 
erally supposed. 

Some  other  problems  about  which  we  might  well  compare 
notes  are  sizes  and  spacing  of  drawing  desks,  and  whether 
drawing  rooms  should  be  large  enough  for  more  than  one  sec- 
tion at  a  time,  or  whether  the  combined  class  and  drawing 
room  is  best. 

"What  kind  of  artificial  lighting  is  best  in  shops  ?  Probably 
flaming  ares  if  the  roof  is  of  the  open  truss  type.  "What  kind 
for  drawing  rooms,  indi%udual  lights  or  reflected  light  ?  THiat 
for  class  rooms,  etc.  1 

Can  shops  and  laboratories  be  ventilated  more  satisfactorily 
by  ridge  ventilators,  or  by  monitor  sash? 

Is  it  best  to  heat  shops  by  plenum  systems  or  direct  radia- 
tion? Is  a  forced  circulation  hot  water  system  more  com- 
fortable and  economical  than  a  steam  system  with  temperature 
control ? 
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Such  descriptions  as  the  following  are  exceedingly  valu- 
able, and  every  new  engineering  building  should  be  described 
in  a  similar  manner  and  commented  on  in  the  Bulletins  of 
the  Society  for  the  Promotion  of  Engineering  Education. 

The  most  recent  shop  and  laboratory  buildings  are  the 
Russell  Sage  Laboratory,  described  in  the  Rensselaer  Poly- 
technic Institute  Bulletin  for  June,  1909,  Volume  8. 

The  Mason  Laboratory  at  Yale,  described  in  the  Yale  Scien- 
tific Monthly,  November,  1910. 

The  Laboratory  of  Practical  Mechanics  at  Purdue,  described 
in  the  Bulletin  of  the  Purdue  Alumni  Association  for  May, 
1911. 

The  ]\Iechanical  Laboratory  at  the  University  of  Nebraska, 
described  in  the  Nebraska  Blue  Print,  Volume  9,  1910. 

The  Robinson  Engineering  Laboratory  is  described  in  The 
Ohio  State  University  Bulletins  for  October,  1908,  Vol.  XIII, 
No.  3,  by  Professor  F.  C,  Caldwell  on  "The  Laboratories  of 
the  Electrical  Engineering  Department,"  and  for  December 
23,  1909,  Vol.  XIV,  No.  5,  by  Professor  E.  A.  Hitchcock  on 
''The  Laboratories  of  the  Mechanical  Engineering  Depart- 
ment. ' ' 

The  Hydraulic  Laboratory  at  the  University  of  Wisconsin, 
described  in  the  Journal  of  the  Western  Society  of  Engineers, 
February,  1908. 

The  shop  and  laboratory  building  at  Kansas  State  Agri- 
cultural College. 

The  latter  building  has  been  designed  as  one  wing  of  a 
future  engineering  building,  and  has  a  three-story  head  house 
and  25  foot  laboratory  bays,  with  saw-tooth  roof  construction. 
In  the  materials  testing  section,  the  height  from  the  floor 
to  the  trusses  is  33'  10".  In  the  steam  laboratory,  the  engines 
will  be  set  up  high  enough  to  give  ample  piping  space  below 
them. 
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BY  AETHUE  L.   WILLISTON, 
Principal  of  Wentworth  Institute. 

The  purpose  of  this  paper  is  to  describe  some  of  the  prob- 
lems connected  with  the  housing,  and  the  provision  for  future 
growth  and  expansion,  of  a  new  educational  institution  like 
Wentworth  Institute.  Many  of  these  problems  arise  because 
of  the  particular  type  of  work  that  tliis  school  purposes  to 
do.  A  brief  description  of  its  educational  plan  will,  there- 
fore, first  be  given. 

"Wentworth  Institute  is  a  school  to  ''furnish  education  in 
the  mechanical  arts"  according  to  the  will  of  its  founder, 
which  means  that  it  is  a  high-grade  trade  school  of  the  kind 
that  places  its  teaching  all  upon  a  rational  scientific  founda- 
tion, and  supplements  the  practical  training  in  shop-work 
with  elementary  technical  instruction.  Its  aim  is  to  develop 
artisans  and  skilled  mechanics  of  a  superior  type,  and  also  to 
train  men  who  wish  to  become  inspectors,  shop  foremen,  master 
mechanics  and  superintendents  for  industry. 

In  looking  over  the  possible  field  that  a  school  of  this  grade 
might  occupy  a  very  great  variety  of  branches  and  sub-depart- 
ments of  industry  are  found  for  which  courses  might  very 
properly  be  established.  It  is  difficult  to  choose  those  that  are 
of  most  fundamental  importance,  and  entitled  to  consideration 
in  an  initial  plan;  and  it  is  still  more  difficult  to  determine 
with  certainty  the  list  of  those  that  it  will  become  desirable  to 
develop  as  the  institution  grows.  The  plan  for  future  expan- 
sion, therefore,  must  be  kept  extremely  flexible.  In  order  to 
have  some  definite  goal  for  the  institution  to  grow  toward, 
however,  a  plan  was  adopted,  after  much  consideration  and 
study,  which  provided  for  an  ultimate  scheme  of  twenty-six 
day  courses  and  a  still  larger  number  of  evening  courses. 

In  the  initial  group  of  buildings,  it  was  decided  to  include 
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three  types  of  courses :  first,  short  practical  courses  of  appren- 
ticeship grade,  intended  for  beginners  and  persons  who  have 
had  little  practical  experience;  second,  longer  and  more 
thorough  courses,  at  least  two  years  in  length,  intended  for 
persons  who  hope  to  rise  to  positions  where  they  will  be  re- 
quired to  direct  the  work  of  others ;  and  third,  evening  courses 
of  a  very  practical  character,  given  in  both  shops  and  labora- 
tories, but  planned  for  persons  employed  in  similar  lines  of 
work  during  the  day  and  intended  to  supplement  their  daily 
experience. 

The  list  of  courses  is  as  follows: 

One- Year  Day  Courses. 
Intended  for  beginners  and  persons  who  have  had  little 

practical  experience. 
Manufacturing  Trades:  Building  Trades: 

Machine  Work,  Carpentry  and  Building, 

Pattern-Making,  Electric-Wiring, 

Foundry  Work.  Plumbing. 

Two- Year  Day  Courses. 

Intended  for  those  who  wish  to  become  superior  workmen. 

master  mechanics,  foremen,   etc. 

Machine  Construction  and  Tool  Design, 

Electrical  Construction  and  Operation. 

Evening  Courses. 
Intended  for  those  who  are  employed  during  the  day. 

Carpentry  and  Building,  Machine  Design, 

Pattern-making,  Practical  Mechanics, 

IMachine  Work,  Strength  and  Properties  of 

Tool-Making,  Materials, 

Foundry  Practice,  The  Steam  Engine  and  the 

Electric-Wiring,  Operation    of   Power 

Plumbing,  Plants, 

Practical  jMathematics,  Electrical  Machinery. 
Mechanical  Drawing, 


396  WENTWOETH    INSTITUTE. 

The  initial  problem  for  the  architects  was  to  provide  shops, 
laboratories,  drawing-rooms,  and  class-rooms  for  these  eight- 
day  courses  and  the  corresponding  evening  courses.  The  type 
of  instruction  that  it  was  proposed  to  offer  influenced  the 
buildings  very  largely.  The  shops  and  large  laboratories  are 
the  predominating  feature  in  all  of  the  instruction.  The  draw- 
ing-rooms and  the  class-room  instruction  are  essential  but 
occupy  a  relatively  smaU  place  in  the  completed  plan.  The 
one-year  and  the  two-year  day  courses  are  intended  for  dif- 
ferent types  of  students  and  consequently  differ  considerably 
in  character  and  in  the  distribution  of  time  to  the  different 
kinds  of  instruction. 

A  typical  curriculum  for  one  of  the  one-year  courses  would 
contain  the  following  subjects  and  approximately  the  follow- 
ing distribution  of  time : 

(1)  Computations  and  shop  calculations,  and  practical  applications 
of  mathematics  to  various  problems  related  to  the  particular 
trade 5  hours  per  week. 

(2)  Applied  science,  recitations  and  demonstrations 

3  to  5  hours  per  week. 

(3)  Applied  science  laboratory  instruction  on  problems  related  to 
the  particular  trade  4  to  6  hours  per  week. 

(4)  Blue  print  reading  and  elementary  mechanical  drawing 

6  hours  per  week. 

(5)  Shop  practice 20  hours  per  week. 

Total  number  of  hours  per  week  40. 

A  typical  curriculum  for  one  of  the  two-year  courses  would 
be  approximately  as  follows : 

First  Yeak. 

(1)  Computations  and  practical  applications  of  mathematics  to 
various  problems  related  to  the  courses 5  hours  per  week. 

(2)  Applied  science,  recitations  and  demonstrations ...  5  hours  per  week. 

(3)  Applied   science   laboratory  instruction 12  hours  per  week. 

(4)  Mechanical  drawing  and  detail  designing.  . .  .6  to  10  hours  per  week. 

(5)  Shop  practice  in  fundamental  trades 12  to  16  hours  per  week. 

Total  number  of  hours  per  week  40. 
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Second  Yeae. 

(1)  Practical  mathematics  continued 5  hours  per  week. 

(2)  Applied  science  and  elementary  technical  branches,  recitations 
and   demonstrations 5   to   8  hours  per  week. 

(3)  Applied  science  laboratory  instruction  in  chosen  specialty 

8  to  16  hours  per  week. 

(4)  Detail  designing 6  to  12  hours  per  week. 

(5)  Advanced  shop  practice  in  chosen  specialty.  .8  to  16  hours  per  week. 

Total  number  of  hours  per  week  40. 

If  the  architectural  problem  had  merely  been  to  design  a 
group  of  buildings  that  would  adequately  house  the  eight 
courses  of  instruction  that  Wentworth  Institute  will  organize, 
September,  1911,  it  would  have  been  a  comparatively  simple 
one,  but  it  was  necessary  to  provide  for  the  future  growth. 
This  growth  is  likely  to  be  of  two  kinds.  First,  the  courses  that 
are  now  being  started  will  grow  and  demand  more  room  and 
larger  shops  and  laboratories;  and  second,  new  courses  pre- 
paratory to  additional  trades  and  industries  will  undoubtedly 
be  established.  It  is  impossible  to  tell  with  certainty  how 
many  new  courses  will  be  required  and  just  what  occupations 
such  new  courses  will  prepare  young  men  for.  The  careful 
preliminary  survey  of  the  field  indicated  that  it  was  desirable 
to  make  provision  in  the  plans  for  the  fully  developed  institu- 
tion, after  it  had  grown  to  the  full  limit  that  the  present 
endowment  could  support,  for  a  list  of  twenty-six  courses 
divided  into  four  principal  groups ;  but  this  list,  of  course,  is 
likely  to  be  added  to  or  subtracted  from.  About  half  of  these 
courses  are  one-year  courses  of  the  type  intended  to  train 
artisans  and  superior  workmen ;  the  other  half  are  two-year 
courses  intended  for  persons  who  hope  to  rise  to  positions  of 
the  grade  of  foremanships  or  superintendencies. 

As  provision  must  be  made  in  the  future,  for  housing  of 
many  and  perhaps  all  of  these  additional  courses  besides  pro- 
viding for  the  growth  of  the  courses  now  being  started,  the 
problem  presented  to  the  architects  was  not  only  to  design  an 
initial  group  of  buildings,  but  to  arrange  these  buildings  so 
that  they  may  be  continuously  added  to  as  the  institution 
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grows,  and  at  the  same  time  always  give  convenient  and  well 
arranged  floor  space  for  the  related  departments,  on  the  inside, 
and  a  pleasing  and  symmetrical  architectural  design  and  com- 
position on  the  outside. 

Fortunately  the  site  which  had  been  purchased  for  "Went- 
worth  Institute  gives  ample  room  to  provide  for  such  a  pos- 
sible future  development,  as  it  contains  between  twelve  and 
thirteen  acres  of  land ;  and  the  endowment,  too,  is  sufficient  to 
care  for  a  considerable  growth.  It  amounts  to  about  three 
and  one  half  million  dollars  exclusive  of  the  site. 

In  designing  buildings  for  "Wentworth  Institute  many  of 
the  same  considerations  that  would  influence  the  design  of 
buildings  for  an  engineering  school  or  university  would,  of 
course,  apply,  but,  because  of  the  practical  field  of  education 
in  wliich  Wentworth  Institute  is  engaged,  an  unusual  degree 
of  emphasis  must  be  placed  upon  certain  of  these,  while  com- 
paratively little  weight  need  perhaps  be  given  to  others.  New 
considerations,  too,  that  would  not  apply  to  schools  of  a 
different  type,  needed  to  be  taken  into  account.  The  follow- 
ing extracts  from  the  list  of  suggestions  given  to  the  archi- 
tects at  the  beginning  of  their  work  will  be  of  interest. 

1.  All  of  the  departments  of  the  Institution  should,  in  appearance  and 
general  arrangement  of  equipment,  resemble  as  closely  as  possible  corre- 
sponding departments  in  commercial  manufacturing  plants. 

2.  The  Institute  should  set  a  high  standard  in  efficient  use  of  floor 
space  and  in  its  plan  for  simple  and  direct  travel  of  material  and  workers 
from  sub-department  to  sub-department. 

3.  In  order  to  control  the  entire  student  body  of  a  large  trade  or  ele- 
mentary technical  school  such  as  Wentworth  Institute,  a  single  entrance 
or  exit  close  to  the  general  administrative  offices  of  the  Institute  and  in 
a  central  building  should  be  provided  where  pupils  from  all  departments 
may  be  required  to  enter  and  leave  the  school. 

4.  So  far  as  possible  the  same  idea  of  student  control  referred  to  in 
paragraph  No.  3  should  be  applied  in  the  design  and  arrangement  of 
the  rooms  of  all  sub-departments  occupied  by  students  in  any  given 
course. 

5.  As  it  is  probable  that  some  departments  of  the  school  will  grow  and 
develop  much  faster  than  others,  it  should  be  possible  to  provide  more 
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space  for  them  without  interfering  with  the  arrangement  of  other 
departments  or  detracting  from  the  architectural  effects  and  the  attrac- 
tiveness of  the  campus. 

6.  As  large  quantities  of  heavy  material  must  be  delivered  at  frequent 
intervals  to  many  of  the  large  shops  and  laboratories,  convenient  means 
of  delivery  must  be  provided,  independent  of  the  main  entrances  and 
hall-ways  of  the  buildings. 

Every  attempt  made  to  design  the  shops,  laboratories,  and 
class-rooms  needed  for  the  initial  group  of  courses,  and  at 
the  same  time  to  provide  for  the  growth  into  a  larger  scheme, 
developed  the  fact  that  very  few  departments  of  the  Institute 
could  be  regarded  as  permanently  located  on  any  given  floor 
space.  Occasionally  some  department  will  be  forced  to  move 
to  make  room  for  the  growth  of  others.  In  order  to  accomplish 
this  with  as  little  cost  and  inconvenience  as  possible,  the  best 
plan  found  is  to  follow  that  adopted  by  many  large  manu- 
facturing plants  and  department  stores  of  providing  unob- 
structed floor  space  that  may  be  re-arranged  and  sub-divided 
at  very  little  expense  to  suit  the  changing  needs  of  the  various 
branches  of  the  business. 

Of  all  the  methods  tried,  the  best  solution  was  found  to 
be  in  the  adoption  of  a  standard  unit,  or  standard  building 
which  may  be  repeated  again  and  again  in  various  locations 
on  the  campus.  This  unit  was  so  chosen  that  it  could  be  easily 
and  conveniently  doubled  or  trebled  or  multiplied  any  number 
of  times.  It  was  also  chosen  of  such  dimensions  as  to  permit 
its  convenient  division  into  offices  or  small  class-rooms  or 
good  sized  lecture  rooms  or  science  laboratories  or  large  labora- 
tories and  shops  by  the  use  of  temporary  partitions. 

A  great  variety  and  types  of  buildings  were  carefully 
studied.  The  advantages  and  disadvantages  of  each  were  con- 
sidered. The  one  finally  adopted  was  a  three-and-one-half- 
stor\-  and  basement  building,  48  ft.  wide  by  144  ft.  long, 
divided  into  nine  equal  bays  of  16  ft.  each.*  A  typical  floor  of 
this  standard  unit,  when  used  for  shop  purposes,  is  sho^Ti  in 


*  All  dimensions  are  given  to  the  center  lines  of  the  walls  or  partitions. 
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Fig.  1.    The  second  floor  plan  of  tMs  standard  unit,  divided 

into  offices,  recitation  and  lecture  rooms,  wash-room,  instru- 
ment room  and  laboratory,  is  shown  in  Fig.  2.  It  will  be 
noticed  that  the  floor  space,  with  the  dimensions  chosen,  may 
be   divided  readily,  into  rooms  of  convenient   size.     Where 


Fig.  1.  The  Standard   Unit  Divided  for  Instruction  in   Shop   Practice. 

shops  or  large  laboratories  or  drawing  rooms  are  required, 
the  full  width  of  the  building  is  used,  and  the  rooms  may  be 
32  ft.,  48  ft.,  64  ft.,  80  ft.,  96  ft.,  or  112  ft.  long,  as  desired. 
"Where  recitation  or  lecture  rooms  are  required,  a  corridor 
about  8  ft.  wide  is  run  on  one  side  of  the  center  row  of  col- 
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umns.  making  rooms  24  ft.  wide  on  one  side  of  the  building, 
and  about  15  ft.  or  16  ft.  wide  on  the  other.  Recitation  or 
lecture  rooms  are  naturally  made  24  ft.  by  32  ft.,  or  24  ft.  by 
48  ft.  Both  of  these  are  very  convenient  sizes.  The  narrow 
space  on  the  other  side  of  the  corridor,  too,  divides  itself 
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readily  into  offices  16  ft.  square,  or  instrument  rooms,  wash- 
rooms, etc.,  16  ft.  by  32  ft.,  or  16  ft.  by  48  ft.  It  would  be 
difficult  to  select  dimensions  for  a  standard  building  which 
could  be  divided  more  readily  into  rooms  of  convenient  size 
for  all  sorts  of  purposes. 

Attention  should  also  be  called  to  the  selection  of  a  standard 
building  with  )iine  bays,  and  having  a  width  equal  to  the 
length  of  three  of  the  bays.  In  the  first  place,  the  nine  bays 
make  it  possible  to  have  either  one  entrance  in  the  center  of  the 
building,  or  two  entrances  symmetrically  located  near  either 
end,  without  having  a  column  on  the  axis  of  the  entrance. 
Having  the  width  of  the  unit  equal  to  one-third  of  its  length, 
makes  it  possible  to  extend  a  wing  to  the  rear  in  the  center 
of  the  building,  making  a  "T  "-shaped  building,  or  else  to 
extend  two  wings  to  the  rear  at  either  end  of  the  building, 
making  a  "U  "-shaped  building,  as  is  desired.  If  the  width  of 
the  building  was  not  equal  to  an  even  multiple  of  bays,  this 
could  not  be  done  without  re-arranging  the  window  spacing. 
If.  too,  a  smaller  dimension  than  48  ft.  by  144  ft.  were  chosen, 
the  space  between  the  wings  would  hardly  be  sufficient  for 
proper  lighting. 

The  excellent  lighting  and  the  general  arrangement  of  the 
windows  and  the  type  of  elevation  adopted  for  the  standard 
building,  are  clearly  shown  in  Fig.  3,  which  is  a  photograph 
of  power  house  and  one  completed  unit.  Fig.  4  shows  a  rear 
view  of  the  buildings  already  erected,  which  include  a 
foundry,  one  of  the  standard  units,  a  two  story  wing  about 
24  ft.  by  48  ft.  to  connect  this  unit  with  the  future  administra- 
tion building,  and  a  power-house  about  80  ft.  square.  On  the 
block  plan  shown  in  Fig.  5,  the  completed  buildings  are  shown 
at  a.  B.  C  and  the  power  hoiLse. 

The  departments  that  have  been  provided  for  in  these 
initial  buildings  are  as  follows: 

In  the  attic,  lighted  from  above  by  the  skylight,  a  practical 
mechanics  laboratory',  48  ft.  sq.  with  two  large  stock-rooms. 

On  the  third  floor,  an  electrical  wiring  shop,  24  ft.  by  64  ft., 
26 
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ci  plnmbincr  shop.  24  ft.  by  64  ft.,  a  large  lecture  room,  two 
recitation- rooms  and  three  offices. 

On  the  second  floor,  a  drawing  room,  32  ft.  l)y  48  ft.,  a 
carpenter  and  pattern  shop,  48  ft.  by  80  ft.,  a  recitation  room 
and  two  offices. 

On  the  first  floor,  the  administration  offices,  machine  shop 
office  and  stock-room,  a  machine  shop  48  ft.  by  80  ft.  and  a 
machine  design  room  32  ft.  by  48  ft. 

In  the  basement,  whicli  lias  the  same  height  and  lighting 
as  the  other  floors,  is  a  building  materials  laboratory,  a  forge 
shop,  the  locker  and  wash-rooms  and  certain  rooms  belonging 
to  the  foundrj'  department. 

The  foundry  wing,  shown  in  Fig.  4,  is  two  stories  high  and 
gives  a  Avorking  floor  space  of  48  ft.  by  72  ft.  with  a  gallery 
having  a  little  over  half  this  area.  In  addition  to  the  work- 
ing floor  space,  there  are  provided  in  the  adjacent  portion 
of  the  basement  of  the  main  shop  building  a  foundry  office,  a 
casting  cleaning  room,  a  tool-room,  a  supply  room,  and  a  small 
chemical  laboratory  for  foundry-chemistry. 

The  power  house  is  designed  to  provide  for  a  very  con- 
siderable future  growth.  At  the  present  time,  it  contains  a 
200-k.w.  generator  direct  connected  to  a  Corliss  engine  and 
a  2o0-h.p.  water-tube  boiler.  There  is  room,  however,  in  the 
l)lant  for  a  1,500  horse-power  boiler  and  apparatus  to  generate 
an  equal  amount  of  electrical  energy.  Until  more  space  is  re- 
quired for  future  power  plant  equipment,  however,  the  space 
is  being  utilized  in  the  boiler  room,  a  steam  laboratory,  and  in 
the  engine  room  for  a  dynamo  laboratory — the  plan  being  to 
have  a  railing  separate  from  the  apparatus  required  for  power 
service  from  that  used  in  experimental  work. 

Fig.  5  shows  in  outline  the  plan  that  has  been  laid  out  for 
the  future  growth  and  development  of  Wentworth  Institute. 
As  has  already  been  stated,  the  buildings  at  present  in  u.se 
are  the  power  house,  a,  B  and  C.  The  main  administration 
building,  for  which  working  drawings  have  already  l)een  pre- 
pared, and  which  will  be  the  next  building  erected,  is  shown 
at  A.    The  buildings,  which  in  the  natural  course  of  events, 
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will  probably  be  erected  next,  are  a,  D  and  E.  When  this 
uuniber  of  buildings  have  been  completed,  there  will  be  a  syra- 
nietncal  structure  with  a  dignified  entrance  and  an  entrance 
court  of  sufficient  size  to  make  an  excellent  appearance 

J:>ufficient  room  has  been  provided  on  all  sides  of  the  group 
described  in  the  last  paragraph  to  permit  extension  in  any 


Fig.  5.     Block  Plan  Showing  Possible  Futii 


re   Development. 

direction;  tor  example,  the  wing  B  can  be  extended  in  length 
for  96  ft.  It  can  then  have  a  second  and  third  wing  parallel 
o  the  wmg  C  extended  at  either  end  of  it  for  a  distance  of  96 
it.;  and  these  two  wings  may  be  connected  together  in  the 
rear  by  another  building  running  parallel  with  B,  forming  a 
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completed  rectangle  with  two  hollow  courts  48  ft.  sq.  If  all 
of  these  additions  were  to  be  made,  the  completed  structure 
would  have  a  tioor  space  equal  to  four  and  one-third  of  the 
standard  units  adopted.  But  of  course,  it  is  not  necessary  to 
complete  the  whole  of  the  buildings.  The  great  variety  of 
ways  in  which  growth  can  take  place  shows  the  flexibility  of 
the  plan. 

After  completing  the  front  group  of  buildings  shown  in 
Fig.  5  at  EDaAaBC,  it  is  probable  that,  in  place  of  extending 
the  front  as  just  described,  the  next  development  would  take 
place  toward  the  rear,  erecting  buildings  shown  at  F.  G  and 
H.  This  would  create  an  inner  court  somewhat  larger  than  the 
entrance  court.  At  the  rear  of  this,  there  is  still  room  for 
additional  building,  indicated  at  K,  I  and  J. 

Fig.  6  shows  the  completed  block  plan  as  laid  out  by  the 
architects  (Peabody  &  Stearns,  Boston),  with  buildings  indi- 
cated at  every  point  where  there  is  space  to  erect  them.  In 
studying  this  plan,  however,  it  should  be  kept  in  mind  that  it 
is  not  necessary  for  all  of  the  buildings  here  indicated  to  be 
erected,  for  example,  the  whole  of  the  front  might  be  com- 
pleted as  indicated  in  Fig.  6,  leaving  the  rear  entirely  unde- 
veloped; or,  on  the  other  hand,  only  so  much  of  the  front 
might  be  completed,  as  is  sliowu  in  Fig.  5,  and  a  considerable 
portion  of  the  rear  completed  in  addition. 

One  or  two  more  points  in  the  plan  shown  in  Fig.  6  are  of 
suflficicnt  interest  to  warrant  some  attention.  These  are:  first, 
the  ease  with  which  it  will  always  be  possible  to  keep  a  sym- 
metrical arrangement  of  buildings  as  the  Institution  grows 
after  the  front  group  is  completed;  .second,  the  ease  of  control 
of  the  student  body  on  account  of  the  single  entrance  and  the 
simple  system  of  corridors  connecting  together  the  various 
buildings;  third,  the  central  and  convenient  location  of  the 
administration  l)uilding,  always  near  the  center  of  the  entire 
group;  fourth,  the  excellent  provision  for  light  and  air,  and 
fifth,  the  impressive  approach  from  the  parkway  opposite. 
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Discussion. 
Mr.  Kent:  I  would  like  to  ask  what  are  the  particularly 
good  features  of  the  electrical  laboratory  at  Worcester.    Pro- 
fessor White  said  it  was  good  architecture.    In  what  particu- 
lar is  it  good  architecture  f 

Professor  White:  It  is  a  little  difficult  to  put  one's  finger 
on  just  the  one  thing  which  distinguishes  one  building  which 
is  good  from  another  building  which  is  bad.  But,  generally 
speaking,  proportion  has  more  to  do  with  it  than  anything 
else.  If  we  were  designing  a  building,  for  instance,  which  is 
to  be  viewed  from  a  distance  there  are  two  things  which  are 
of  paramount  importance :  light  and  shade  and  outUne.  Out- 
line, of  course,  will  show  on  the  picture ;  light  and  shade  often 
will  not.  The  detail  will  not  show  at  a  distance.  If  one  can 
get  a  good,  heavy  projecting  cornice  which  will  give  light  and 
shade,  that  helps  wonderfully.  With  a  good  color  scheme  and 
a  good  relation  of  warm  masses  there  is  good  architecture. 
If  a  building  comes  up  rather  close  to  the  street,  and  there- 
fore is  to  be  viewed  close  at  hand,  possibly  by  craning  the 
neck  and  looking  up  to  some  extent,  far  more  attention  must 
be  given  to  the  cornices.  In  the  building  at  Worcester  the 
great  satisfaction  to  me  is  in  the  simple  lines  of  the  project- 
ing cornices,  in  the  arrangement  of  the  windows,  in  their  rela- 
tion to  the  building,  and  in  having  an  adequate  approach.  I 
have  seen  instances  where  the  entrance  to  main  buildings  was 
through  three  or  four  foot  doorways  at  street  level.  These 
entrances  look  like  back  doors.  An  important  building  is 
worthy  of  an  important  and  impressive  entrance. 

Mr.  Kent:  I  was  particularly  impressed  with  that  Wor- 
cester building  when  I  was  there,  and  as  I  indicated  my  good 
impression  to  my  guide  I  said,  "I  do  not  see  any  signs  of  an 
architect  around  this  building.''  The  reply  was,  '"Xo,  we 
didn't  have  any  architect  around  it  until  the  end."  The 
building  was  designed  on  utilitarian  ideas.  They  wanted  a 
building  to  accommodate  the  professors  in  doing  their  work. 
They  wanted  a  railway  through  the  building  and  they  got  it. 
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with  a  big  doorway  to  come  in  through.  They  wanted  light 
and  they  got  it,  through  ample  windows.  Red  brick  was 
cheapest  and  therefore  it  is  red,  a  verj'-  good  color.  It  was  in 
a  ravine  surrounded  by  trees  and  could  not  help  being  beauti- 
ful if  the  architects  put  a  suitable  roof  on  it. 

Professor  Hibbard:  I  would  like  to  ask  Professor  White 
to  answer  a  general  question.  As  an  engineering  professor, 
what  has  been  his  experience  regarding  the  library  and  its 
use  ?  I  notice  that  much  emphasis  seems  to  be  given  in  many 
plans  to  a  great  central  library  building,  which  I  assume  is 
intended  to  contain  the  books  of  all  the  colleges  or  depart- 
ments of  the  university.  It  has  been  my  experience  as  an 
engineering  teacher  that  if  we  expect  to  get  engineering  stu- 
dents to  make  the  most  thorough  use  of  the  books  in  the 
engineering  library,  we  must  take  the  library  to  the  students 
and  not  expect  them  to  go  off  into  some  great  central  library 
building.  For  example,  at  the  University  of  !Mis.souri,  our 
engineering  students  like  to  go  into  our  engineering  library, 
located  in  the  engineering  building.  They  go  directly  to  the 
book  shelves.  They  go  in  there  without  coats  if  it  is  warm 
weather,  and  do  not  care  to  go  over  into  the  general  library 
to  work  among  the  women  from  the  college  of  arts  and 
sciences.  Furthermore,  the  men  of  the  school  of  engineering, 
perhaps  because  of  laboratory  work,  are  usually  rather  less 
expensively  dressed  than  those  in  the  college  of  arts  and 
sciences.  Our  school  of  law  has  its  library  in  the  law  build- 
ing; the  medical  school,  in  one  of  the  medical  buildings;  and 
in  our  recently  completed  central  building  for  the  college  of 
agriculture,  the  agricultural  students  have  their  library.  All 
of  this  rather  leaves  the  great  general  library  for  the  college 
of  arts  and  sciences,  and  the  school  of  education,  enrolling 
1200  and  200  students  respectively.  I  would  like  to  know  if 
in  general,  in  the  new  plans  for  these  axial  campuses*  of  the 
future,  it  is  one  of  the  essential  things  in  the  minds  of  the 


•  In  his  lecture  Professor  White  explained  that  in  several  of  the  new 
campuses  the  buiMings  are  located  as  nearly  as  possible  synnnotrical 
with  respect  to  an  axis. 
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architects  that  all  the  different  libraries  should  be  located  in 
one  great  central  library  building. 

To  emphasize  my  thought  I  repeat  that  I  believe,  in  order 
to  make  the  students  of  the  different  schools  use  the  library 
}>ooks  thoroughly  and  at  those  times  when  they  can  have  op- 
portunity, these  books  must  be  exceedingly  accessible.  Be- 
tween recitations  and  laboratory  periods  they  may  be  con- 
sulted, or  a  student  may  slip  away  from  the  designing  rooms 
or  laboratories  to  consult  three  or  four  books  on  a  subject 
connected  with  the  matter  in  hand.  I  believe  that  most 
engineering  professors  would  rather  see  the  libraries  taken 
to  the  students,  than  to  have  a  splendid,  great  central  library 
built  for  all  library  books;  workshops,  rather  than  a  mauso- 
leum.   May  I  ask  the  speaker  to  comment  upon  this  subject? 

Professor  White:  The  question  raised  is  of  course  a  very 
important  one.  and  the  answer  varies  with  conditions.  It  is 
not  necessary,  from  the  architect's  standpoint,  to  have  a 
separate  library  building :  but  there  are  a  great  many  advan- 
tages from  the  administrative  standpoint  of  having  the  cen- 
tral library  building.  Possibly  as  the  library  grows  the  im- 
portance of  having  a  central  library  building  becomes  more 
and  more  important.  I  believe  that  every  department  in  a 
university  which  has  what  might  be  termed  an  independent 
collection  of  books  should  have  its  own  library.  By  that  I 
mean  the  law  school  and  possibly  the  medical  school.  But 
when  you  go  beyond  that  and  attempt  to  provide  separate 
libraries  for  the  several  departments,  you  begin  duplicating 
books  to  a  very  great  extent :  you  begin  increasing  the  cost  of 
the  administration  of  that  library  to  a  very  great  extent.  It 
begins  to  be  necessary  for  you  to  keep  all  of  the  buildings  of 
your  campus  open  night  and  day.  so  that  students  may  con- 
sult those  books  scattered  around  through  the  various  build- 
ings. Students  do  less  systematic  work  in  the  library  by 
ru.shing  into  it  to  consult  a  book  to  get  a  bit  of  information 
between  classes  or  while  working  in  the  laboratory,  than  they 
do  if  they  go  to  the  library,  notebook  in  hand,  to  study  up  on 
certain  subjects,  to  make  memoranda  in  their  note-books  to 
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which  they  will  refer  when  they  go  back  to  the  class-room  or 
the  computing-room.  I  certainly,  therefore,  believe  a  central 
library  is  the  proper  thing,  though  I  would  supplement  it, 
Avherever  possible,  by  reading  rooms  in  the  various  depart- 
ments; those  reading  rooms,  however,  having  only  the  cur- 
rent periodicals  and  a  few  standard  reference  books  and  ency- 
clopedias, dictionaries,  etc.,  which  may  reasonably  be  dupli- 
cated, because  they  would  have  to  be  duplicated  in  the  general 
library.  But  when  with  standard  sets  of  periodicals  and  ref- 
erence books,  any  university  library,  to  be  at  all  adequate, 
must  run  up  into  the  hundreds  of  thousands  of  volumes,  and 
no  student  can  find  the  things  which  he  wants  in  a  depart- 
ment library,  because  the  engineer  must  consult  the  same 
books  as  the  students  of  physics  and  other  students  of  science 
do.  If  he  gets  in  the  habit  of  going  to  the  general  library  he 
will  go  there,  whereas,  with  a  department  library,  he  is  in- 
clined to  think  that  the  only  information  he  can  use  and  the 
only  facts  he  can  know  are  in  the  departmental  library.  He 
should  get  into  the  better  habit  of  going  to  the  main  source 
for  all  things. 

Professor  Hibbard:  During  the  period  of  my  connection 
with  Cornell  University,  in  the  college  of  mechanical  engi- 
neering we  at  first  had  a  college  library.  As  a  number  of  the 
teachers  believed  that  engineering  books  should  be  in  the 
central  library,  so  that  students  would  get  in  the  habit  of 
going  to  that  great  central  library,  the  books  were  moved 
there.  The  result  was  that  the  students  did  not  form  the 
habit  of  going  to  the  central  library,  but  simply  got  along 
with  what  books  they  had  in  their  own  rooms,  their  text-books, 
and  neglected  consulting  the  collection  of  engineering  books 
in  the  general  library.  Not  long  previous  to  my  leaving 
Cornell  it  was  decided  to  be  advisable  to  establish  a  Sibley 
College  library  for  the  mechanical  and  electrical  students, 
with  soHje  simple  restrictions  and  care  to  make  it  a  working 
library.  We  kept  track  of  the  books  that  were  used,  and  if 
one  was  not  used  a  reasonable  amount  it  was  taken  out  of  the 
special  Sibley  College  library  and  returned  to  the  general 
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library.  The  result  was  that  our  students  became  users  of 
the  engineering  library,  as  they  had  not  been  users  of  the 
engineering  library  when  it  was  distributed  among  the  other 
books  contained  in  the  general  library  of  the  university. 

Director  Hamerschlag:  Just  a  word  on  the  question  of 
the  library  as  a  part  of  the  comprehensive  plan  for  buildings 
and  education.  I  wish  to  speak  on  this  subject  because  it  is 
one  of  our  big  problems. 

The  Carnegie  Library,  which  is  housed  in  the  Institute 
building,  contains  about  250,000  volumes  and  has  a  reference 
collection  of  80.000.  The  distance  between  the  technical 
schools  and  the  Institute  is  perhaps  1.500  feet.  It  is  ex- 
tremely difficult  to  get  students  to  go  to  that  library  for 
minor  reference  works  and  we  have  found  it  necessary  to 
place  in  the  department  which  requires  reference  books,  such 
texts  and  reference  literature  as  is  important  and  we  consider 
this  equipment  as  of  the  same  class  as  working  tools  used  in 
the  same  way  as  laboratory  equipment,  but  for  general  study 
and  for  general  reading  there  can  be  no  question  but  that  the 
atmosphere  of  a  good  library  such  as  the  Carnegie  Library, 
does  have  its  influence  on  the  students  and  is  effective  in 
attracting  the  student  to  more  wide  spread  interest  in  general 
literature. 

We  have  hoped  that  we  might  some  time  have  a  separate 
branch  of  the  general  library  located  within  easy  access  of 
each  of  the  four  schools  and  which  would  contain  a  reference 
collection  with  more  direct  reference  to  the  arts,  sciences 
and  industries  which  form  a  part  of  our  curriculum  than 
could  be  available  if  we  were  dependent  upon  this  collection 
tx)  be  purchased  and  maintained  by  city  funds. 

Pending  this  happy  outcome,  we  have  been  studying  the 
question  of  a  mechanical  book-carrying  ser\'ice  from  the 
Library  into  each  of  the  buildings.  It  seems,  as  Prof.  White 
has  aptly  said,  unwise  for  administrative  reasons  to  organize 
three  or  four  separate  libraries,  but  as  not  more  than  ten 
per  cent,  of  the  books  in  any  one  library  can  ever  be  adequate 
in  the  way  of  service  to  a  group  of  students  studying  a  par- 
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ticular  subject,  the  other  ninety  per  cent,  ought  to  be  near  at 
liaiul  Avlion  needed. 

Professor  White:  Professor  Williston  says  that,  at  the 
Wentworth  Institute,  they  are  going  to  have  class-rooms  and 
drawing-rooms  as  directly  connected  with  the  laboratories  as 
is  possible.  I  think  there  are  a  good  many  objections  to  that 
class  of  a  laboratory;  but  it  is  the  man  who  is  doing  the  teach- 
ing, of  course,  who  luust  decide  that  question.  And  it  has 
always  seemed  to  me  that  in  designing  a  buikling  for  the 
advanced  classes  it  is  best  to  have  simply  an  administration 
class  room  in  connection  with  each  shop  or  laboratory,  and 
tliat  all  the  other  work  would  be  more  efficiently  done  in 
separate  buildings. 

Mr.  Kent:  There  is  one  serious  objection  to  having  the 
class-room  very  closely  connected  w'ith  the  shops,  namely, 
that  the  noise  and  vibration  of  the  shop  interfere  with  the 
class-room.  I  had  occasion  to  be  acquainted  with  that  fact, 
in  one  case  where  it  was  necessary  to  shut  down  the  machinery 
in  the  shop  in  order  to  have  a  class  exercise  carried  on  i)rop- 
erly.  The  class-rooms  therefore  should  be  in  a  building  sepa- 
rate from  that  housing  the  noisy  machines. 

President  Talbot:  There  is  one  point  that  might  be  empha- 
sized farther,  it  seems  to  me,  in  regard  to  campus  develop- 
ment,— the  importance  of  having  sufficient  area  in  connection 
witii  our  engineering  college  buildings,  particularly  in  con- 
nection with  our  laboratory  buildings,  for  what  may  be  called 
back-yard  space  for  storage  and  other  purposes.  We  have 
been  shown  by  Professor  White  the  attempt  which  is  made  to 
give  a  good  impression  to  the  visitor  as  well  as  to  the  student. 
And  yet  there  are  unsightly  operations  connected  with  an 
institution  Avhich  attempts  research  that  properly  goes  with 
instruction.  For  example,  in  certain  investigations  material 
must  be  left  out-of-doors  for  a  considerable  length  of  time, 
track  space  will  be  needed  for  bringing  materials  to  the  lal)o- 
ratories  and  for  other  reasons  a  large  space  must  be  provided. 
It  seems  to  me,  too,  that  the  suggestion  made  by  Professor 
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White  is  a  good  one,  that  while  we  may  have  in  our  main 
campus  a  general  grouping  of  buildings  to  give  a  good  ap- 
pearance, there  should  be  on  the  outskirts,  or  in  other  por- 
tions of  the  campus  territory,  the  opportunity  to  have  smaller 
buildings  and  spaces  of  different  character;  and  this  applies 
not  only  to  engineering  buildings  but  to  those  used  by  the 
science  group,  by  the  agricultural  group  and  by  other  de- 
partments. 

Professor  Wm.  T.  Magruder  (by  letter)  :  The  reference  by 
Professor  White  to  memorial  laboratories  and  buildings  sug- 
gests the  question,  Should  boards  of  trustees  accept  gifts  for 
buildings  if  the  buildings  are  to  be  permanently  named  after 
the  donor  when  the  funds  received  are  inadequate  for  both 
present  needs  and  future  growth?  Should  a  donor  be  per- 
mitted to  stunt  the  growth  of  a  department  or  a  college,  and 
make  it  his  tombstone,  by  donating  an  inadequate  sum  of 
money  for  a  building  to  be  forever  called  by  and  labelled  with 
his  name  ?    Few  people  desire  to  give  towards  the  enlargement 

of  Mr.  Blank's  Memorial  of  Himself,  or  to  "The 

Laboratory  of "  :  yet.  the  department  housed  therein 

may  be  required  for  years  to  put  up  Avitli  crowded  conditions 
and  inadequate  facilities  in  honor  of  a  highly  respected  and 
well-intentioned  donor.  In  the  long  ran.  may  not  the  price 
paid  be  excessive  ?  I  am  informed  that,  once  a  gift  has  been 
accepted  for  a  specific  use,  it  is  not  lawful  to  divert  it  to  some 
other  use,  regardless  of  the  desirability  and  wisdom  of  so- 
doing.  Donors  should  remember,  and  be  reminded  when 
necessary,  that  children's  clothes  are  sometimes  outgrown  and 
have  to  be  either  given  away  or  sold  to  the  ragman,  and  that 
therefore  they  should  not  insist  too  strongly  that  the  child 
shall  always  wear  the  donated  clothing  regardless  of  its  fit 
and  suitability,  and  that  large  discretionary  powers  should  be 
left  to  the  child's  parents  or  guardians. 

Dean  F.  L.  Bishop  (by  letter)  :  The  paper  by  Professor 
White  on  the  " Arcliitecture  of  Engineering  Schools"  shows 
that  the  author  has  made  a  very  close  study  not  only  of  archi- 
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tecture,  but  of  the  organization  of  schools.  IVrliaps  I  can 
best  discuss  this  paper  by  outlining  in  a  l)rief  manner  the 
plan  for  the  engineering  school  at  the  University  of  Pitts- 
burgh. The  plan  consists  of  a  central  building  comprising  the 
executive  offices  and  an  assembly  hall  of  sufficient  capacity 
•to  accommodate  approximately  one  thousand  students.  This 
is  to  be  located  at  the  center  of  a  triangle,  two  sides  of  which 
are  taken  up  with  buildings  devoted  to  recitation,  drawing 
rooms  and  laboratories,  while  the  other  side  is  to  be  occupied 
by  buildings  for  shop  and  special  laboratory  purposes.  This 
provides  a  very  convenient  arrangement  whereby  the  execu-. 
five  offices  are  located  at  the  center  of  the  group  and  the 
recitation  rooms  are  easy  of  access  from  all  parts  of  the 
group.  The  buildings  at  Pittsburgh  are  located  at  the  foot 
and  on  the  side  of  a  hill,  permitting  the  use  of  many  different 
types  of  buildings,  so  that  all  kinds  of  engineering  work  can 
be  provided  with  the  types  best  suited  for  their  work. 

Another  important  point  to  which  Professor  White  calls 
attention  is  that  of  outdoor  storage  space.  This  und()ul)tedly ' 
should  be  provided  for  to  a  greater  extent  in  the  future  than 
it  has  been  in  the  past.  By  storage  space,  Professor  "White, 
of  course,  means  to  include  space  for  the  erection  of  temporary 
buildings  that  can  be  used  for  special  purposes,  as  for  in- 
stance, a  smoke  laboratory,  a  fire  proofing  laboratory,  etc. 

I  agree  with  Professor  White  in  the  suggestion  that  the 
plans  of  all  new  engineering  school  buildings  should  be  pub- 
lislied  by  the  Society. 

Director  John  P.  Brooks  (by  letter)  :  As  most  institutions 
are  not  in  positions  to  utilize  their  funds  otherwise  than  for 
strictly  utilitarian  purposes,  the  questions  of  first  cost  and 
maintenance  are  of  vital  importance.  The  group  system,  dis- 
cussed by  Professor  White,  carries  the  necessity  of  duplicating 
roofs,  and  to  a  certain  extent,  the  foundations,  and,  especially 
if  land  values  be  high,  nuist  involve  a  greater  first  cost  than 
the  unit  system.  The  cost  of  building  construction  increases 
somewhat,  with  the  height  above  the  ground,  but  not  very 
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rapidly  within  the  limits  usually  found  in  college  buildings. 
Ventilation,  heating  and  lighting  should,  in  general,  be  less 
expensive  in  single  buildings  than  in  groups  involving  the 
same  floor  space.  The  same  is  true  to  a  certain  extent,  in 
plumbing  and  sewer  and  water  connections  with  the  street. 
]Much  of  the  maintenance  charge  is  due  to  faulty  roofs,  and 
should  be  correspondingly^  less  in  one  than  in  many  such 
areas. 

Insurance  rates  would  vary  slightly,  favoring  probably  the 
group  system,  since  the  rate  for  the  large  building  would  be 
determined  by  the  risk  in  the  most  exposed  room  or  depart- 
ment. Should  a  fire  loss  occur  it  would  be  more  apt  to  be 
serious  in  the  large  building  both  as  to  property  and  as  to 
inconvenience. 

Taken  all  in  all,  it  seems  probable  that  reasonably  high 
buildings  are  economical  in  first  cost,  in  operation  and  in 
maintenance. 

The  question  seldom  is  whether  there  shall  be  one  building 
'  or  ten  buildings  but  as  to  much  less  latitude  of  choice.  "While 
some  local  conditions  fix  the  plan  definitely,  there  seems  to 
be  considerable  opportunity  to  combine  the  best  features  of 
both  systems.  It  is  quite  essential  that  the  work  of  students 
be  always  within  appropriate  surroundings,  but  this  does  not 
mean  that  every  subject  taught  needs  the  inspiration  of  a 
special  type  of  architecture  or  of  mural  effect.  Most  of  the 
recitation  work  of  the  under  classmen  may  be  properly  done 
in  one  building,  even  if  the  institution  be  one  of  considerable 
size. 

The  rooms  used  by  the  various  departments  of  science,  both 
for  recitation  and  for  laboratory  work,  may  with  advantage 
be  under  one  roof. 

The  drafting  rooms  for  engineering  students  are,  appro- 
priately, near  the  shops  and  testing  laboratories  and  may  be 
placed  over  them  without  fear  that  the  noise  will  be  unduly 
distracting.  On  the  contrary,  such  environments  may  prove 
an  incentive,  as  they  represent  conditions  found  in  practice. 
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Other  groups  of  sul>jeets  to  be  eared  for  under  one  roof  may 
be  readily  called  to  mind. 

With  several,  but  not  an  excessive  number  of  buildings, 
the  style  of  areliiteeture  may  be  selected  with  regard  to  fitness 
rather  than  to  uniformity  alone. 

Students  naturally  and  unconsciously  respond  to  the  influ- 
ences of  the  rooms  in  which  they  work,  and  so  buildings  sug- 
gesting the  mood  most  favorable  for  the  reception  of  instruc- 
tion should,  as  far  as  possible,  be  provided.  Hence,  undue 
elaborations,  either  outside  or  inside,  in  structures  devoted  to 
shop  and  laboratory  work,  should  not  be  allowed  to  divert 
funds  that  could  be  used  to  better  advantage  in  making  one 
or  more  buildings  on  each  campus,  works  of  art  as  well  as 
of  utility. 

Mr.  William  Kent  O'y  letter)  :  In  discussing  Professor 
White's  contribution,  I  have  no  comments  to  make  on  the 
paper  itself,  except  to  say  that  it  is  a  valuable  and  suggestive 
one,  and  one  that  should  be  read  by  everj^one  who  is  about  to 
have  anything  to  do  with  planning  buildings  for  an  engineer- 
ing school.  I  may,  however,  contribute  some  of  my  own  ideas 
on  the  same  subject. 

Architecture  is  two  different  things,  (1)  planning  for 
beauty,  and  (2)  planning  for  utility.  An  architect  may  be 
either  an  artist  architect,  whose  main  idea  is  beauty  or  what 
he  thinks  is  beauty,  or  an  architectural  engineer,  whose  main 
ideas  are  utility  and  economy,  and  whose  artistic  sense,  if  he 
has  any,  has  not  been  developed  so  far  that  he  can  embody  it 
in  his  utilitarian  plans.  Rarely  is  it  possible  for  the  two 
kinds  of  architect  to  be  combined  in  one  man.  The  artist 
architect's  mind  is  trained  with  reference  to  Greek  temples, 
Roman  palaces,  Gothic  catliedrals,  renaissance  villas,  Spanish 
missions,  colonial  residences,  classic  mausoleums,  state  capitols, 
etc.  The  engineer  architect  is  trained  to  consider  the  ques- 
tions that  Professor  White  suggests:  "what  kind  of  artificial 
lighting  is  best  for  shops. "  "  plenum  systems  and  direct  radia- 
tion,"  "granolithic  floors,"  "saw-tooth  roof  construction," 
27 
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' '  height  required  for  a  travelling  crane, ' '  " "  outdoor  space  and 
room  to  grow. ' '  The  attempt  to  make  both  kinds  of  architect 
out  of  one  man  leads  to  his  failure  in  one  or  other  of  the 
two  great  branches  of  the  profession,  and  often  to  his  failure 
in  l>oth.  The  result  is.  that  architecture  tends  in  its  artistic 
side  to  be  degraded  into  mere  millinery,  the  design  of  a  struc- 
ture that  is  supposed  to  "look  pretty"'  and  be  iu  the  fashion, 
but  has  no  artistic  merit,  and  on  the  engineering  side  to  the 
design  of  a  structure  poorly  adapted  for  its  utilitarian  pur- 
poses. The  ease  is  stiU  worse  when  college  presidents,  boards 
of  trustees,  and  donors  of  buildings  turn  themselves  into 
amateur  architects,  and  boss  the  architect  whom  they  employ 
to  carry  out  their  ideas.  A  large  university  bmlt  on  this 
method  began  with  a  fairly  good  building  of  the  1870  type 
with  a  mansard  roof  and  a  tower,  followed  by  a  fine  Richard- 
son-Romanesque structure  of  brown  stone,  a  gift  of  a  mil- 
lionaire: then  by  a  nondescript  red  brick  cheap  building,  a 
dark  stone  building,  perfectly  plain,  that  looks  like  a  jail;  a 
monumental  renaissance  structure  of  grey  brick  with  stone 
trimmings,  costing  -1200.000.  with  a  majestic  stairway  and 
corridor,  but  with  poorly  arranged  classrooms,  and  large  audi- 
toriums without  ventilation:  a  library  of  the  Greek  temple 
style  with  the  reading  room  surrounded  with  imitation  sienna 
marble  columns,  and  no  ventilation :  a  laboratory  the  style  of 
a  bam,  and  so  on.  The  whole  is  a  mongrel  collection  of  build- 
ings with  aU  the  architectural  fads  of  the  last  forty  years, 
and  all  in  a  vast  campus  unprovided  with  trees  which  might 
hide  their  incongruity.  From  an  engineering  point  of  view, 
they  are  equally  bad.  All  are  without  modem  systems  of 
ventilation,  and  some  of  them  are  fire  traps. 

Fortunately  this  method  of  building  a  university  is  disap- 
pearing. Fine  examples  of  a  better  way  are  those  mentioned 
by  Professor  White  in  his  paper,  and  Columbia  University  and 
Leland  Stanford  University  might  be  added  to  his  list. 

My  idea  of  the  way  that  a  building  or  a  group  of  buildings 
for  an  engineering  school  should  be  planned  is  the  following. 
The  preliminary  tentative  plans  should  be  made  by  the  pro- 
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fessors  who  are  going  to  use  tlie  buildings.  They  should 
determine  the  tloor  space  needed  for  each  class  room,  lecture 
room,  drawing  room,  laboratory,  offices,  halls,  stairways,  etc., 
the  height  of  ceilings,  the  size  and  position  of  windows  and 
blackboards,  the  requirements  for  power,  heat,  ventilation  and 
artificial  lighting,  and  they  should  make  two  or  three  dimen- 
sioned sketches  showing  different  arrangements  of  rooms  and 
shape  and  grouping  of  buildings.  Provision  should  be  made 
for  easily  removing  the  partitions  so  that  two  or  more  small 
rooms  can  be  made  into  one  large  one,  or  a  large  room  divided 
into  two  or  more  small  ones.  The  ground  plan  should  be 
made  with  reference  to  future  growth,  which  may  be  met  by 
extensions  of  one  or  more  buildings,  or  by  the  addition  of  new 
buildings  to  the  group.  When  the  sketches  are  finished,  after 
long  study  and  discussion,  a  committee  of  professors  should 
make  a  trip  to  visit  several  of  the  most  progressive  universi- 
ties to  get  ideas  which  may  be  incorporated  in  the  revised  plans 
and  sketches.  These,  together  with  a  typewritten  report 
covering  all  matters  that  are  not  clearly  drawn  in  the  plans, 
including  the  reasons  for  adopting  the  dimensions,  arrange- 
ments of  rooms  and  other  details,  should  then  be  turned  over 
to  an  architectural  engineer  who  will  proceed  to  design  the 
buildings  in  accordance  with  the  sketches  and  instructions 
given  in  the  report,  and  with  reference  to  utility  without 
regard  to  artistic  appearance.  This  design  should  then  be 
given  to  an  artist  architect,  or  to  a  conuiiission  of  two  or  moro 
of  them  wlio  would  provide  the  proper  fa<*ade  for  the  build- 
ings, determine  the  kind  and  color  of  the  outside  material, 
and  furnish  details  for  the  interior  decoration.  In  this  way 
the  final  results  should  be  satisfactory  l)0th  from  the  \nnn{  of 
view  of  the  architect  and  that  of  the  people  who  are  going  to 
use  till'  buildings. 

Professor  Geo.  C.  Shaad  (by  letter)  :  As  stated  in  this 
paper,  the  preferred  plan  for  the  housing  of  an  engineering 
school  apj)ears  to  be  to  have  one  building  which  sliall  contain 
the  administration  offices,  an  asseml)ly  hall,  and  class  and 
drafting  rooms  for  the  accommodation  of  a  large  part  of  the 
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instruction  which  is  common  to  all  of  the  engineering  courses ; 
and  to  use  separate  buildings  for  the  more  important  or  exten- 
sive laboratories  and  shops.  Certain  of  the  laboratories  may 
well  occupy  the  basement  or  wings  of  the  main  structure  but 
others  are  preferably  placed  in  separate  buildings. 

In  the  case  of  engineering  schools  connected  with  state  uni- 
versities or  colleges  the  above  plan  is  the  most  practical  one. 
and  such  departments  as  cannot  be  supplied  with  their  own 
laboratory  buildings  at  first  may  be  accommodated  tempo- 
rarily in  the  main  or  other  laboratory  buildings.  The  addi- 
tional buildings  are  added  as  the  school  expands  and  the  space 
vacated  in  the  main  building  becomes  available  to  take  care 
of  the  growth  in  the  number  of  students  for  which  recitation 
and  drafting  rooms  must  be  provided. 

The  plan  of  making  a  laboratory  building  for  a  separate 
department  large  enough  to  accommodate  class  and  drafting 
rooms  for  the  department  subjects  and  offices  for  the  in- 
structors who  devote  all  of  their  time  to  these  subjects  has 
much  to  commend  it.  except  where  the  nature  of  the  labora- 
tory work  is  such  as  to  interfere  with  the  conduct  of  recita- 
tions held  in  the  same  building.  Each  department  becomes  a 
unit  and  the  rooms  in  the  main  building  are  still  further 
relieved.  This  plan  is  followed  with  success  in  some  large 
manufacturing  plants  where  the  engineering  offices  and  draft- 
ing rooms  devoted  to  the  production  of  some  particular  por- 
tion of  the  product  occupy  a  part  of  the  factory  building  or 
group  of  buildings  devoted  to  this  work,  and  a  main  or  central 
office  building  is  used  only  for  the  departments  whicli  are 
common  to  the  plant  as  a  whole. 

The  engineering  school  of  the  University  of  Kansas  is  fol- 
lowing the  plan  of  one  central  or  main  building  (^lar^-in 
Hall)  with  separate  buildings  or  parts  of  separate  buildings 
for  the  more  extended  laboratories.  The  department  of 
hydraulics  and  the  electrical  engineering  department  are  as 
yet  only  temporarily  accommodated  but  the  general  plans 
allow  for  a  separate  building,  or  separate  sections  of  a  large 
single-story  building,  for  these  departments. 
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In  planning  a  laboratory  building  it  is  well  not  to  lose  sight 
of  the  fact  that  along  certain  lines  of  work  it  is  very  desirable 
that  a  certain  nunilier  of  comparatively  small  rooms  be  in- 
cluded for  use  in  special  investigations  where  apparatus  may 
be  set  up  and,  if  need  be,  left  undisturbed  for  long  periods  of 
time. 

Dean  E.  B.  McCormick  (by  letter):  "We  have,  at  the 
Kansas  State  Agricultural  College,  been  attempting  to  solve 
some  of  the  problems  mentioned  in  Professor  Wliite's  paper, 
and  believe  we  have  secured  fairly  satisfaetorj^  results  in  at 
least  some  of  the  cases. 

The  departments  of  architecture,  civil  engineering,  steam 
and  gas  engineering,  applied  mechanics  and  hydraulics,  and 
power  and  experimental  engineering,  and  the  engineering 
experiment  station,  are  housed  under  one  roof,  but  this  roof 
covers  what  is  practically  a  series  of  buildings  rather  than  a 
homogeneous  unit.  The  original  building  was  the  second  of 
any  size  to  be  built  on  the  College  campus,  and  was  turned  over 
for  shop  purposes  after  having  lieen  used  for  general  college 
purposes.  It  contains,  on  the  first  floor,  a  portion  of  the 
woodworking  department,  and  on  the  second  floor  offices  and 
recitation  rooms.  Two  story  additions  have  been  added  to 
this,  the  first  floors  of  which  are  given  over  to  woodwork  and 
one  of  the  second  floors  being  used  as  a  general  drafting  room 
for  engineering  drawing  below  the  senior  year. 

The  room  beneath  the  drafting  room  is  used  for  bench  work 
in  wood,  and  contains  no  shafting  or  mat-hinery  of  any  kind. 
thus  there  is  no  trouble  in  the  drafting  room  due  to  vibration. 

This  portion  of  the  building  is  covered  with  a  simple  gable 
roof,  giving  no  opportunity  for  overliead  lighting. 

The  drafting  room  is  Si\  ft.  ()  in.  by  84  ft.  8  in.  by  12  ft.  3  in. 
in  height  inside,  and  is  lighted  by  side  ^^^ndows.  The  room 
runs  east  and  west  so  that  the  prevailing  light  is  from  the 
north,  the  south  wall  being  blank. 

Considerable  thought  was  expended  on  the  painting  and 
plastering  of  this  room,  and  the  following  scheme  has  been 
carried  out.     All  woodwork,  including  columns  and  beams, 
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and  a  5  foot  wainseoting  along  the  wall  has  been  painted  a 
light  green  (so  light  that  it  verges  on  the  yellow).  The  bal- 
ance of  the  walls  and  the  ceiling,  which  were  finished  with  a 
sandcoat  of  plaster,  have  been  painted  white  with  a  water- 
paint.  We  have  found  that  the  daylight  is  very  thoronghly 
diffused,  and  that  students  can  work  three  or  four  hours  at  a 
stretch  under  ordinary  conditions  without  any  perceptible 
eye-strain,  and  that  no  artificial  light  is  needed  unless  the  day 
is  especially  cloudy  excepting,  of  course,  after  3 :30  or  4  :W 
P.  ]\I.  during  the  winter  months. 

From  the  first  the  attempt  has  been  made  to  light  this  room 
by  indirect  means.  Several  schemes  were  used,  in  the  first 
few  of  which  we  attempted  to  make  use  of  commercial  appa- 
ratus. The  one  that  proved  the  most  successful,  under  these 
conditions,  was  a  combination  of  mercury  tubes  and  incandes- 
cent arcs  with  opalescent  reflectors.  So  much  of  the  light 
however  was  absorbed  by  the  reflectors,  that  we  eventually 
designed  and  had  constructed  metal  reflectors  in  the  form  of 
hyperboloids.  These  were  used  first  with  the  incandescent 
ares,  but,  within  the  past  few  months,  we  have  taken  out  the 
ares  and  put  in  250  kw.  tungsten  lights.  AVe  have  nine  of 
these  lights  and  are  more  than  pleased  with  the  results  ob- 
tained. A  photograph  (see  cut)  taken  in  this  drafting  room 
at  9  :30  at  night  shows  an  almost  total  absence  of  shadows  at 
and  above  the  level  of  the  table  tops. 

All  the  metal- working  shops  are  of  one  story  construction, 
and  the  later  ones  have  the  saw  tooth  roof.  The  advantages, 
from  the  light  standpoint,  that  may  be  obtained  by  the  saw 
tooth  construction  are  such  that  it  is  probable  that  this  type 
of  roof  will  be  used  on  all  our  future  shop  and  laboratory 
buildings. 

The  overhead  drive,  by  means  of  shafting  and  belting,  is 
maintained  in  the  machine  shop  but  is  eliminated  in  so  far  as 
possible  in  the  others. 

The  engineering  laboratories,  as  stated  by  Professor  White 
in  his  article,  are  in  a  building  200  by  113  feet  with  saw  tooth 
roof  construction  and  repeating  bays  25  feet  in  width.     The 
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south  bay  is  divided  into  a  basement  and  two  stories,  the  base- 
ment being  nsed  for  locker  rooms  and  for  rooms  for  the 
preparation  of  cement  and  stone  specimens.  The  first  floor  is 
used  for  offices  and  a  reference  library.  The  second  floor, 
which  extends  over  the  next  bay.  is  used  for  drafting  rooms 
and  offices.  The  natural  lighting  in  the  drafting  rooms  on 
this  floor  is  secured  through  the  saw  tooth  roof,  and  is  such 
that  no  shadows  are  to  be  detected  in  any  part  of  the  room. 
So  far,  artificial  lighting  has  not  been  found  to  be  absolutely 
necessary,  but  there  are  certain  times  when  it  will  be  desirable 
and  we  are,  at  present,  working  on  a  scheme  whereby  we  hope 
to  secure  the  greatest  possible  diffusion  through  direct 
lighting. 

This  building  faces  south  and  it  was  possible  to  conceal  the 
saw  tooth  construction  from  the  south  and  east  sides  by  simply 
giving  a  mansard  effect,  sloping  from  the  top  of  the  walls  to 
the  peak  of  the  teeth.  It  would  have  been  possible  to  have 
made  this  same  construction  on  the  west  side,  but  as  we  antici- 
pate adding  to  the  building  on  the  west,  the  saw  tooth  con- 
struction was  carried  to  the  walL 

The  balance  of  the  building  is  now  divided  into  an  amphi- 
theater, equipped  with  op>era  chairs,  and  with  a  seating 
capacity  of  130 ;  a  strength  of  materials  laboratory  one  half  of 
which  has  a  head  room  of  33  feet  10  inches  below  the  roof 
trusses ;  a  room  75  by  133  feet  containing  thermodynamic  and 
hydraulic  laboratories.  Included  in  the  thermodynamics 
laboratories  are  the  engines,  turbines,  and  generators  which 
supply  power  and  light  for  the  entire  College. 

The  next  room,  which  is  50  by  112  feet  and  is  open  from  the 
basement  floor  to  the  roof,  contains  high  pressure  boilers  and 
has  provision  for  two  lOO-horse-power  gas  producers  which  are 
now  installed  just  outside  this  building.  This  room  is  also  a 
part  of  the  thermodynamic  laboratory,  in  that  arrangements 
are  made  for  thoroughly  testing  all  appliances. 

The  gallery  construction  is  maintained  throughout  the 
entire  building  except  in  the  case  of  offices  and  drafting  rooms. 
In  the  case  of  the  thermodynamic  laboratory  the  heavy  ma- 
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chines  are  erected  on  foundations  10  feet  above  the  basement 
floor  line,  and  the  first  story  floor  constructed  from  founda- 
tion to  foundation,  on  which  rests  some  of  the  liglitcr  ma- 
chinery, the  switchboard,  etc.  The  object  of  this  raising  of 
the  machines  is  to  provide  ample  facilities  for  piping,  con- 
densers, etc.,  l)elow  the  prime-movers. 

The  total  floor  space,  at  present,  is  86,l-4i  sq.  ft.,  of  which 
2,400  sq.  ft.  are  devoted  to  offices;  1,000  sq.  ft.  to  reading 
rooms;  4,200  sq.  ft.  to  lecture  rooms;  3,600  sq.  ft.  to  locker 
and  toilet  rooms;  26,300  sq.  ft.  to  laboratories;  8,000  sq.  ft.  to 
drafting  rooms :  22.000  sq.  ft.  to  shops ;  6.000  sq.  ft.  to  labora- 
tory galleries,  and  the  ])alance  divided  among  lialls,  storage 
rooms,  blue  print  rooms,  coal  bins,  etc. 


ADDRESS    OF    WELCOME    ON    BEHALF    OF    THE 
UNIVERSITY  OF  PITTSBURGH. 

BY   CHAXCELLOR    SAMUEL   BLACK    McCOKMICK, 
Of  the  University. 

Goithmtn  of  the  Convention:  I  want  to  express  for  the 
faculty  of  our  University  and  for  myself  our  appreciation 
of  the  privilege  of  having  you  with  us  at  this  closing  session 
of  the  meeting.*  I  trust  that  the  Convention  has  realized 
fully  your  expectations. 

We  are  tr\'ing  to  make  this  section  of  our  industrial  city  a 
useful  one  from  every  point  of  view.  You  have  lieen  meeting 
in  the  splendid  Technical  School  buildings  of  the  Carnegie 
Institute.  On  the  same  axis  exactly,  and  about  the  same 
distance  as  the  Technical  Schools  from  the  Carnegie  Institute. 
is  the  University  of  Pittsburgh,  where  you  are  now  assembled. 
and  which  on  February  28.  1912.  will  celebrate  the  one 
hundred  and  twenty-fifth  year  of  its  existence.  Some  of  you 
have  not  thought  of  this  institution  as  being  so  old.  From 
1787.  the  year  of  its  incorporation,  until  1819.  it  did  simply 
the  work  of  an  academy.  In  1819  the  men  who  were  manag- 
ing its  affairs  secured  a  new  charter  providing  for  full  uni- 
versity courses  and  transferring  all  the  property-  of  the 
academy  to  the  new  institution.  The  university  has  had. 
therefore,  a  continuous  existence  since  February  28.  1787, 
first  as  an  academy,  then  as  a  college  and  finally  as  a  complete? 
university.  Dr.  Bishop,  the  dean  of  our  school  of  engineer- 
ing, tells  me  that  in  18-46  this  institution  granted  the  first 
engineering  degree,  that  of  civil  engineer.  I  have  no  doubt 
that  the  information  is  quite  correct,  for  I  know  that  about 
1840  the  university,  then  known  as  the  "Western  University  of 

*  The  closing  session  of  the  Convention  was  held  in  Thaw  Hall.  Uni- 
versity of  Pittsburgh. 
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Pennsylvania,  boiran  to  expand  and  made  an  attempt  to  do 
re^idar  university  work.  From  that  time  throufjh  the  great 
fire  of  1845  up  until  the  seeond  tire,  whieh  destroyed  the 
seeond  building  of  the  university  in  1849,  a  tine  law  sehool 
was  earried  on.  Tt  was  in  these  early  days,  therefore,  that 
plans  were  made,  never  wholly  abandoned,  which  some  decades 
later  resulted  in  the  establishing  of  the  engineering  school  of 
the  university  for  the  service  of  the  counminity  and  to  which 
the  city  is  so  well  adapted. 

Upon  this  new  site,  purchased  only  three  years  ago,  we  have 
several  of  the  buildings  already  provided.  The  Twentieth 
Century  Club,  the  Soldiers'  ^Memorial  Ilall,  the  Armory,  the 
University  Club,  the  Athletic  Clul),  the  Forbes  Field,  the 
building  of  the  Carnegie  Institute,  with  the  Technical  School 
buildings  are  only  the  beginning  of  what  will  be  here  after  a 
little.  We  are  sorry  that  our  campus  is  in  such  a  state  of 
eonfu.sion,  but  that  we  cannot  help.  Roadways  over  the 
forty-three  acres  which  extend  back  over  the  hill  are  being 
constructed  by  the  city  of  Pittsburgh,  and  we  hope  that  they 
will  be  completed  some  time  during  the  fall.  Shortly  we  shall 
begin  the  erection  of  the  dental  building  on  the  brow  of  the 
hill.  The  gymnasium  is  in  process  of  erection  just  over  the 
hill.  From  this  point  there  is  a  very  beautiful  view  of  the 
park,  and  indeed  over  the  entire  eastern  part  of  the  city. 

The  work  in  which  you  are  specially  interested  is  one  in 
which  we  are  deeply  concerned  in  this  great  industrial  center. 
Dr.  Bishop  has  a  paper  describing  the  co-operative  plan  which 
we  have  adopted  at  the  I'niver.sity  of  Pittsl)urgh.  I  notice 
that  Dr.  Raymond,  whom  you  have  elected  President  of  your 
association,  refers  to  a  plan  which  he  announced  several  years 
ago,  of  a  four-term  or  all-year-round  course.  That  is  also  a 
part  of  our  i)lan.  so  that  the  University  of  Pittsburgh  joins 
the  number  of  .schools  to  which  Dr.  Raymond  refers  as  carry- 
ing on  the  work  during  practically  the  entire  year. 

Now  1  have  said  these  things  very  informally,  but  I  want 
you  to  feel  that,  just  as  you  have  been  at  home  the  other 
two  days  of  your  meeting,  so  I  want  you  to  feel  perfectly  at 
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home  in  the  university  here  this  morning.  The  University  of 
Pittsburgh,  through  myself  and  through  the  members  of  our 
faculty  who  are  in  attendance,  gives  you  a  most  hearty 
welcome.  We  trust  that  you  have  made  genuine  progress  in 
your  conference  in  Pittsburgh,  that  your  problems  are  nearer 
solution  than  they  were  when  you  came  together,  and  that 
your  memories  of  our  city  and  of  its  institutions  of  learning 
will  ever  remain  vivid  and  delightfuL 


RESPONSE  ON  BEHALF  OF  THE  SOCIETY. 

BY   "\VM.   KENT, 
Vice-President  of  the  Society. 

ChanciUor  McCormick  and  gentlemen:  We  are  overwhelmed 
in  our  appreciation  of  wliat  has  been  done  for  us  in  Pitts- 
burgh. A  philosopher  has  defined  gratitude  as  "a  lively  sense 
of  favors  to  come."  Therefore,  to  sliow  that  we  are  really 
ap{)rtH'iative  of  the  honors,  I  am  going  to  give  you  a  hint  that 
you  want  to  invite  the  Society  back  here  again  about  ten  years 
from  now. 

In  this  wonderful  section  of  this  modern  Athens,  this 
Acropolis,  you  have  already  shown  that  you  know  how  to  get 
some  of  the  foundations  of  culture;  that  is,  immense  build- 
ings, good  architects,  beautiful  scenery,  plenty  of  money. 
When  we  come  back  about  ten  years  from  now  we  will  prob- 
ably find  this  Acropolis  with  more  beautiful  buildings  of 
masonry;  and  I  am  looking  forward  to  the  time  when  this 
modern  Athens  will  be  famous  as  was  tlie  Athens  of  old,  not 
only  for  buildings  and  sculpture,  but  for  men.  The  fame  of 
Greece  was  the  fame  of  men,  not  of  mere  masonry;  and  the 
Society  for  the  Promotion  of  Engineering  Education  has  one 
l)ig  problem  ahead  of  it  which  today  we  do  not  know  how  to 
solve — how  to  discover  the  best  men,  and  how  to  find  the  par- 
ticular methods  that  these  men  shall  adopt  to  instill  into  the 
minds  of  youtli  what  ought  to  be  put  there.  There  is  the 
great  i)roblem  of  education  of  the  future;  and  I  hope  that 
the  people  of  Pittsburgh  will  take  up  that  problem,  and  that 
when  we  come  back  here  ten  years  from  now  you  will  say, 
"Here  is  our  product.  Here  are  our  metliods.  Here  are  our 
men."  You  have  magnificent  buildings,  you  already  have  ob- 
tained famous  men ;  and  we  hope  ten  years  from  now,  you 
will  point  with  still  greater  pride  to  your  products. 
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AN  ENGINEERING  COURSE  FOR  UNDER- 
CLASSMEN. 

BY   W.   A.   HILLEBKAXD  and   S.   B.   CHAETEES,   JR., 
Department  of  Electrical  Engineering,  Stanford  University. 

It  is  standard  practice  in  American  technical  schools  today 
to  confine  instruction  in  electrical  engineering  to  the  last  two 
years  of  the  course.  This  custom,  backed  as  it  may  be  by  good 
and  sufficient  rea.son,  has  for  the  student  who  enters  college 
with  the  intention  of  becoming  an  electrical  engineer,  two 
serious  drawbacks. 

In  the  first  place,  the  young  man  must  wait  two  years  at 
least  before  learning  anytliing  about  that  which  he  has  de- 
termined shall  be  his  life  work,  and  three  years  or  more 
elapse  before  he  is  able  to  judge,  even  from  what  experience 
college  can  give  him,  whether  his  choice  was  a  wise  one. 
Whatever  enthusiasm  he  may  bring  with  him  as  a  freshman 
often  suffers  from  the  severe  regimen  of  .science  and  mathe- 
matics on  the  one  hand  and  an  intense  social  life  on  the  other, 
through  which  he  wanders  with  more  or  less  purpose  accord- 
ing to  the  dictates  of  temperament,  previous  training  and  im- 
mediate en\'ironment. 

A  second  disadvantage  lies  in  the  fact  that  the  faculty  in 
electrical  engineering,  the  men  with  whom  he  will  be  most 
intimately  associated  during  his  college  course,  who  will 
have  his  welfare  more  closely  at  heart,  who  will  feel  their 
responsibility  toward  him  more  deeply,  who  will  have  the 
greater  interest  in  his  ultimate  succes.s,  and  who  should,  there- 
fore, have  the  greatest  influence  over  him,  do  not  make  his 
acquaintance  until  his  college  career  is  often  more  than  half 
over.  Valuable  time  is  thereby  lost  in  gaining  headway, 
before  the  personality  of  this  portion  of  teaching  staff  can 
exert  its  proper  influence. 

With  these  ideas  in  mind,  a  course,  conducted  by  the  faculty 
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of  electrical  engineering,  was  this  year  instituted  at  Stanford 
University  for  the  freshmen  who  register  in  that  department. 

Our  purpose  was  primarily  to  get  acquainted  with  the  first- 
year  men,  their  needs,  and,  if  possible  their  aspirations,  and  in 
return  to  stimulate  in  them  a  professional  interest  based  on  a 
study  or  contemplation  of  concrete  engineering  achievement. 
We  have  also  attempted  to  give  them  an  idea  of  the  real  condi- 
tions of  industrial  life  and  to  make  them  understand  why  they 
came  to  college,  what  the  college  may  be  expected  to  do  for 
them,  and  above  all  else  what  it  cannot  possibly  do.  In  pur- 
suit of  this  ambitious  purpose,  with  but  one  hour  at  our  dis- 
posal, the  following  program  was  adopted. 

As  a  preliminary,  answers  were  required  from  each  man  to 
the  following  set  of  questions.  A  summary  of  the  replies  with 
some  of  the  conclusions  drawn  therefrom  will  be  given  later. 

General  Information  for  Department. 

1.  Age? 

2.  From  what  town  do  you  register? 

3.  Father's  occupation? 

4.  Are  you  self-supporting,  wholly  or  in  part  ? 

5.  Have  you  ever  worked  at  any  gainful  occupation  of  any 
kind  ?  If  so,  enumerate  the  various  kinds  of  employment  and 
state  about  how  long,  all  told,  you  were  occupied  at  each. 

6.  Where  did  you  go  to  school? 

7.  What  were  the  principal  courses  studied? 

8.  In  what  things  of  life,  of  any  sort,  are  you  particularly 
interested  ? 

9.  Have  you  studied  electricity  and  magnetism  in  physics? 

10.  What  is  your  idea  of  tlie  duties  of  an  electrical  engi- 
neer? 

11.  Is  there  any  particular  line  of  work  toward  which  you 
are  looking  after  graduation  and  for  which  you  expect  the 
college  to  fit  you  ? 

12.  Name  all  the  distinct  branches  of  electrical  engineering 
that  you  can  think  of. 

13.  Does  any  one  of  these  appeal  to  you  more  than  another  ? 
If  so,  name  it  and  tell  wliy. 
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14.  What  is  your  reason  for  eoiniiig  to  Stanford  rather 
than  to  another  college? 

15.  What  is  your  conception  of  the  purpose  of  an  engineer- 
ing education  ? 

16.  About  what  proportion  of  your  college  work  will  be 
devoted  to  the  study  of  purely  electrical  subjects  and  why  ? 

17.  What  has  question  16  to  do  with  your  life  work  ? 

The  course  itself,  entitled  *'A  Survey  of  Electrical  In- 
dustries," is  divided  into  two  parts,  lectures,  occurring  every 
two  weeks,  and  interviews  once  a  month  with  each  student. 
covering  assigned  reading.  In  addition  thereto  a  written  re- 
port is  required  on  each  lecture.  The  three  members  of  the 
faculty  co-operate  in  the  work  of  instruction,  each  giving  the 
lectures  appropriate  to  his  particular  field  and  having  one 
third  of  the  class  report  to  him  for  the  monthly  interview. 
One  hour  credit  per  semester  is  allowed. 

In  assigning  topics  for  outside  reading  each  student  was 
asked  to  signify  some  branch  of  engineering  activity  about 
which  he  had  a  curiosity  to  know  more,  and  was  then  referred 
to  appropriate  articles  in  the  periodical  literature.  The  idea 
was  to  stimulate  his  interest  by  giving  him  something  con- 
crete, definite,  from  which  general  principles  might  be  derived 
if  need  be.  A  constant  effort  was  made  to  impress  each 
individual  with  the  fact  that  much  useful  and  valuable  knowl- 
edge may  be  acquired  without  waiting  until  the  middle  of 
the  senior  year,  provided  he  will  use  his  initiative  and  avail 
himself  of  the  opportunity  presented. 

A  provisional  schedule  of  lectures  covering  about  three 
semesters  is  submitted  herewith : 

1.  Power  sources,  engines,  turbines,  gas  engines. 

2.  Water  wheels. 

3.  D\Tiamos.  motors,  et  cetera. 

4.  Markets,  transmissions  and  distributions. 

5.  Transmission  network. 

6.  Electric  street  railways. 

7.  Electric  lights. 

8.  Telephones. 
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9.  Telegraphs. 

10.  Lighting. 

11.  Wireless  transmission. 

12.  Electrochemistry. 

13.  Electric  furnaces. 

14.  Railways. 

15.  Industrial  power. 

16.  Lighting  sources. 

17.  Illumination,  photometry,  and  principles  thereof. 

18.  High  tension  networks. 

19.  Trend  of  progress. 

20.  Ditto. 

21.  Ditto. 

22.  Historical. 

23.  Biographical. 

24.  Societies  and  Bureau  of  Standards. 

They  are  strictly  "  informational,"  intended  to  give  some 
understanding  of  the  various  applications  of  electricity  to  the 
uses  of  everyday  life.  The  first  part  of  the  year,  however, 
was  devoted  to  the  following  topics:  reasons  for  coming  to 
college,  and  what  may  be  expected  from  a  college  course ;  the 
standard  four-year  course  for  electrical  engineers,  covering 
the  reasons  why  the  various  subjects  occupy  the  places  they  do 
and  the  importance  of  mathematics  as  prerequisite  for  the 
more  advanced  subjects;  the  importance  and  value  of  a  care- 
ful use  of  English ;  the  education  of  a  broad-minded  citizen ; 
professional  ethics. 

So  much  by  way  of  explanation.  Now,  what  of  the  results 
after  six  months  of  operation  ? 

A  summary  of  the  replies  to  the  more  important  questions 
submitted  develops  the  following  facts: 

Number  of  replies :  25. 

Average  age :  nearly  twenty  years. 

Geographical  distribution:  from  the  eleven  Pacific  Coast 
states,  19;  from  Rocky  Mountain  states  and  west  thereof,  22; 
scattering,  Missouri,  Kentucky,  ^Michigan,  3. 

Number  self-supporting :  wholly,  4 ;  in  part,  5. 
28 
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Employment:  Twenty-one  have  worked  at  some  gainful  oc- 
cupation; average  of  total  time,  per  man  employed,  17 
months;  average  for  class,  14  months. 

Home  environment:  The  fathers  of  nine  of  the  men  are 
engaged  in  occupations  that  may  in  any  way  be  described  as 
mechanical.  These  are :  locomotive  engineer,  mining  engi- 
neers (2),  manufacturers  (2),  sheet  metal  workers,  manager 
of  telephone  and  hydro-electric  companies  (one  each),  con- 
tractor and  builder.  The  other  occupations  run:  real  estate 
dealer,  teacher,  farmer,  grocer,  banker,  mariner,  barber,  judge 
and  lumberman.     The  largest  single  group  are  farmers. 

The  replies  to  question  ten  show  almost  without  exception 
that  to  these  freshmen  an  electrical  engineer  is  a  man  directly 
associated  with  the  design,  construction  or  operation  of  elec- 
trical machinery.  Of  the  great  co-operative  enterprise  for 
accomplishing  results,  of  which  engineering  from  their  narrow 
viewpoint  is  but  a  tool,  or  of  the  various  economic  factors  with 
which  their  lives  will  be  largely  taken  up,  they  have  no  con- 
ception. This  is,  perhaps,  only  natural,  but  a  point  of  view 
which  it  is  none  the  less  important  for  the  teacher  to 
ascertain. 

Concerning  the  magnitude  of  salaries  commonly  paid  to 
men  in  the  profession  there  is  also  an  exaggerated  belief.  For 
instance,  two  of  the  men  who  reported  to  the  author,  after 
reading  Damon's  article  on  the  "Opportunities  in  the  Elec- 
trical Business,"  were  very  much  disturbed  in  mind  as  to 
whether  they  had  made  the  proper  choice  of  a  vocation. 

Another  conclusion  to  which  we  have  come  through  our  ac- 
quaintance with  these  young  men,  is  that  most  of  them  firmly 
believe  the  possession  of  an  engineering  degree  will  of  itself 
place  the  holder  on  the  road  to  success  and  a  large  salary,  and 
that  at  a  date  not  very  remote  from  graduation.  They  are 
only  too  ready  to  admit  that  for  the  first  few  years  it  will  be 
hard  work  with  low  pay,  but  are  firmly  convinced  that,  once 
embarked  upon  the  road,  industry  will  bring  its  full  reward. 

Taken  in  connection  with  the  geographical  distribution  of 
our  students,  a  careful  analysis  of  the  replies  to  question  four- 
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teen  convinces  us  that  if  a  man  selects  his  college  or  uni- 
versity because  of  popular  impression  or  from  what  he  is  able 
to  learn  of  the  excellence  of  its  course  in  electrical  engineer- 
ing, he  goes  to  any  place  but  Stanford.  Most  of  our  men 
frankly  said  they  came  to  this  university  because  it  is  "near." 
That  is,  we  draw  from  among  a  restricted  clientele  students 
who  come  to  college  because  the  opportunity  is  offered,  and 
who  take  electrical  engineering  because,  of  various  ways  of 
earning  a  living,  they  think  that  will  be  both  congenial  and 
profitable.  This  is  not  intended  in  any  way  as  a  reflection 
upon  our  student  body,  who  will  average  as  high  as  the 
students  at  any  other  institution,  but  it  does  mean  that  any 
institution  which  expects  to  meet  efficiently  its  particular 
problem  must  begin  by  squarely  facing  the  underlying  facts. 
For  instance,  under  conditions  such  as  these,  are  the  responsi- 
bilities of  the  teaching  staff  the  same  or  would  the  same  type 
of  instruction  be  offered  as  would  be  the  case  if  every  student 
spent  his  undergraduate  days  at  several  different  universities, 
taking  from  each  the  best  it  had  to  offer  in  his  line  ? 

What  has  been  said  about  Stanford  in  regard  to  the  geo- 
graphical distribution  of  its  students  will  be  found  true  of 
most  of  the  universities  of  this  country,  in  spite  of  a  possibly 
wider  reputation. 

The  reaction  of  such  a  group  of  students  to  the  course  we 
are  attempting  to  give  is  about  what  might  have  been  ex- 
pected. Especially  is  this  true  of  their  attitude  toward  that 
portion  designed  to  stimulate  initiative  and  independent  ob- 
servation. To  most  of  them  it  makes  no  appeal  and  is  handled 
like  any  other  prescribed  subject,  with  results  that  are  a 
distinct  disappointment.  This  attitude  of  mind,  mental 
lethargy,  if  you  will,  pervades  all  classes  of  our  students,  to 
such  an  extent,  for  instance,  that  we  have  been  unable  to 
interest  even  the  seniors  in  the  meetings  of  the  San  Francisco 
section  of  the  American  Institute  of  Electrical  Engineers, 
a  journey  of  thirty-five  miles  and  some  small  expense  being 
unable  to  compete  with  the  social  possibilities  of  Friday  night. 

The  necessity  of  combating  such  a  spirit  was  the  prime 
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reason  for  institutiiig  this  course,  in  the  hope  that  by  starting 
early  enough  and  applying  the  pressure  throughout  four 
years  instead  of  a  year  and  a  half,  results  might  be  achieved. 
Out  of  the  twenty-five  men  there  stand  perhaps  five  alert, 
ambitious  lads,  whose  reaction  is  in  every  way  satisfactory 
and  who  will,  by  their  senior  year,  rise  head  and  shoulders 
above  their  comrades.  Through  the  potent  influence  of  such 
men  over  their  fellows  we  hope,  in  the  course  of  years,  to 
develop  a  greater  appreciation  of  the  necessity  for  each  man 
doing  more  for  himself  during  his  college  course  than  is 
required  for  graduation. 

It  is  interesting  to  note  that  these  same  men  were  the  first 
to  respond  to  our  urgent  admonition  to  do  shop  or  field  w^ork 
during  at  least  a  part  of  the  summer  vacation. 

Upon  the  faculty  in  electrical  engineering  our  acquaintance 
with  these  freshmen  has  had  a  profound  influence,  chiefly  in 
revealing  to  us  more  clearly  the  broader  aspect  of  our  prob- 
lem, wider  responsibilities  toward  the  students  who  come  to 
us  from  a  world  hypnotized  by  the  magic  of  mechanical 
achievement,  and  the  possibilities  that  arise  through  a  more 
intimate  contact  with  our  men  through  a  period  of  four  years 
instead  of  one  and  a  half  or  two.  For  example,  one  of  our 
most  indifferent  students  wants  to  be  an  electrical  engineer 
simply  because,  having  clerked  in  a  store,  a  distasteful  occu- 
pation, and  possessing  no  taste  for  the  humanities,  he  sees  no 
other  course  open  to  him.  We  consider  it  a  distinct  advan- 
tage to  have  ''spotted"  such  a  man  in  his  freshman  year, 
for  there  are  not  a  few  of  his  kind  who  escape  the  dragnet  of 
calculus  and  descriptive  geometry. 

An  interesting  side  light,  but  of  vital  significance  to  the 
educator,  is  the  fact,  which  we  discovered  with  quite  a  shock, 
that  these  freshmen  are  in  many  respects  quite  as  mature  as 
our  seniors.  If  it  be  true  that  a  man  has  attained  his  mental 
growth  by  his  twentieth  year,  then  it  is  of  vital  importance 
that  teacher  and  parent  alike  appreciate  the  true  functions  of 
school  and  college  training  and  the  part  which  each  can  effect- 
ively play  in  the  development  of  a  man. 
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To  quote  Mr.  Flexner  on  this  point:  "As  a  matter  of  fact, 
the  early  years  are  of  the  most  vital  consequence  to  an  educa- 
tion that  proposes  the  exploitation  of  the  individual  on  native 
lines."* 

Chiefly  because  of  its  value  to  ourselves  in  revealing  our 
duties  more  clearly,  we  feel,  ^vith  an  optimism  which  it  is 
hoped  time  will  justify,  that  this  course  for  the  Underclass- 
men is  the  most  important  step  we  have  taken  since  the 
present  personnel  composed  the  staff  of  electrical  engineering 
at  Stanford  University'. 

Discussion. 

Chairman  Kent:  The  paper  is  now  open  for  discussion. 
I  think  we  all  agree  that  one  of  the  most  important  things 
that  we  can  do  in  engineering  education  today  is  to  try  to 
influence  our  students ;  and  we  are  glad  to  know  that  Stanford 
University  is  making  an  attempt  to  learn  something  new  in 
the  mental  constitution  of  the  student  to  see  if  we  cannot  find 
a  better  way  of  improving  him  than  we  have  followed  in  the 
past. 

Dean  M.  E.  Wadsworth:  In  the  school  of  mines  of  the 
University  of  Pittsburgh  we  start  with  our  students  upon 
entrance  by  giving  them  instruction  in  geology  and  mining, 
besides  the  other  necessary  studies,  "We  do  this  because  long 
experience  has  taught  me  that  the  average  student  does  not 
wake  up  until  he  has  reached  the  sophomore  or  junior  year. 
He  does  not  realize  what  he  is  studying.  ^My  idea  here  is  to 
put  the  men  immediately  into  contact  with  the  things  they  are 
going  to  be  in  contact  with  in  their  future  life.  I  feel,  also, 
that  if  we  force  a  man  into  the  study  of  English  when  he  has 
no  interest  in  it  whatsoever,  he  will  know  no  more  when  he 
gets  through  than  when  he  begins.  But  if  we  teach  him  so 
that  he  knows  he  must  have  his  English,  as  he  must  have  the 
other  subjects,  then  his  interest  and  enthusiasm  is  excited  and 
he  will  learn  more  in  one  term  than  he  will  in  five  years  of 

•  ' '  The  American  College, ' '  bj  Abraham  Flexner,  p.  66. 
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the  ordinary  forced  work.  Our  practice  is  to  differentiate 
between  two  classes  of  studentS;  those  who  expect  to  be 
managers  and  those  who  wish  to  be  engineers.  The  bachelor 
of  science  is  not  required  to  take  any  more  mathematics  than 
he  wishes  other  than  simply  trigonometry  and  surveying. 
Then  he  devotes  his  time  to  the  things  that  will  be  necessary 
for  him  as  manager  of  mines.  The  engineer,  however,  is  re- 
quired to  take  all  of  the  engineering  work  that  is  taken  in  the 
average  school,  before  the  differentiation  begins.  I  mention 
these  matters  because  many  of  the  suggestions  that  have  been 
made  by  the  speakers  at  these  meetings  have  been  tried  here 
and  at  the  schools  of  mines  in  I\Iichigan  and  in  Pennsylvania. 
If  they  prove  right  we  shall  continue  them.  It  is  a  question  of 
experimenting. 

Director  J.  F.  Hayford  (by  letter)  :  It  seems  to  me  that 
this  paper  describes  a  move  in  the  right  direction.  It  is  of 
prime  importance  for  a  man  at  every  period  in  his  life  to 
see  the  bearing  of  his  own  activity  upon  other  activities,  to 
understand  his  relation  to  other  men.  The  course  outlined 
in  the  paper  seems  well  adapted  to  help  the  student  in  this 
way,  to  tend  to  make  him  see  the  relations  between  his  college 
training  and  his  later  life.  It  is  interesting  to  note  that  the 
authors  have  found  that  this  course  gives  them,  the  teachers, 
a  clearer  view  of  their  relations  to  the  students. 

While  reading  the  paper  I  had  a  curiosity,  which  was  not 
satisfied,  to  know  the  attitude  of  the  authors  toward  "the  in- 
tense social  life"  of  the  student,  referred  to  in  their  second 
paragraph  and  again  later  where  it  is  indicated  that  "the 
social  possibilities  of  a  Friday  night"  appealed  more  strongly 
to  the  student  than  an  unusual  opportunity  to  get  into  touch 
with  engineers  and  engineering.  Sociability  should  be  a 
flavor,  with  tonic  properties,  running  through  all  parts  of  a 
man's  life  or  the  life  of  a  student,  through  his  work  as  well  as 
his  play,  through  his  study  hours  as  well  as  his  leisure  hours. 
Too  often,  parents  as  well  as  students  seem  to  believe  that 
sociability  in  college  life  is  a  thing  apart,  something  to  be  cul- 
tivated by  long  hours  spent  in  fraternities,  in  parties  and  in 


ENGINEERING  COUBSE  FOB  UNDEB-CLASSMEN.         439 

various  so-called  college  activities  which  are  carried  on  as  a 
rule  outside  of  a  scholarly  atmosphere.  Such  alleged  sociabil- 
ity may  be  and  often  is  a  vocation  rather  than  an  attitude 
towards  one's  fellows,  largely  a  waste  of  time  rather  than  the 
source  of  inspiration  which  true  sociability  in  college  and  in 
life  may  be,  and  is  to  some  men.  Do  we  not  owe  it  to  our  stu- 
dents to  make  greater  efforts  to  guide  them  toward  true  socia- 
bility and  away  from  waste  of  time  in  the  name  of  sociability  ? 
If  we  succeeded  better  in  such  efforts  would  we  not  thereby 
indirectly  raise  the  standard  of  true  scholarship  among  our 
students  ? 

The  authors  have  prepared  an  important  paper  in  regard 
to  this  new  course  at  Stanford  at  a  time  when  the  course  has 
been  given  for  less  than  a  year.  A  still  more  valuable  paper 
should  be  contributed  by  them  to  the  Proceedings  of  the  So- 
ciety on  this  same  topic  when  the  course  has  been  given  for 
four  years,  when  the  present  freshmen  are  graduating. 


ELECTRICAL   ENGINEERING  INSTRUCTION. 

BY   ELLEEY    B.    PATNT:, 
Assistant  Professor  of  Electrical  Engineering,  University  of  Illinois. 

The  writer  will  endeavor  in  tliis  paper  to  tell  how  the  prob- 
lems of  electrical  engineering  instruction  have  been  solved  at 
the  University  of  Illinois.  Here,  as  in  all  institutions,  there 
is  the  problem  of  what  to  teach  of  the  ever  increasing  volume 
of  subject  matter.  There  is  also  the  problem  of  how  to  handle 
large  and  growing  classes.  This  paper  will  be  limited  to  a 
discussion  of  the  instruction  given  by  the  department  of  elec- 
trical engineering  to  the  undergraduate  electrical  engineering 
students.  Some  students  from  other  departments  are  also 
given  this  instruction.  The  briefer  courses  in  electrical  engi- 
neering intended  for  students  in  other  departments  of  the 
university  will  not  be  included  in  this  discussion.  It  will  be 
seen  that  electrical  engineering  instruction  at  the  University 
of  Illinois  deals  largely  with  the  theory  of  electrical  appa- 
ratus. But  descriptive  instruction  is  given  sufficient  to 
familiarize  the  student  with  the  construction  and  operation  of 
electrical  machinery.  The  student  is  first  given  a  brief  gen- 
eral survey  of  the  field  of  electrical  engineering  and  then 
proceeds  to  a  study  of  details.  Continual  repetition  of  impor- 
tant principles  is  given  until  the  student  has  had  opportunity 
to  master  them.  Knowledge  of  mathematics  is  considered  of 
highest  importance.  The  time  devoted  to  the  study  of  mathe- 
matics has  been  increased.  The  tendency  is  to  introduce  more 
and  more  problems  in  electrical  engineering  requiring  differ- 
ential equations  for  their  solution.  At  the  University  of 
Illinois  all  students  in  electrical  engineering  follow  the  same 
course  of  studies.  There  are  no  undergraduate  eleetives 
offered.  The  instruction  in  electrical  engineering  extends 
throughout  the  junior  and  senior  years. 
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OUTUNE  OF  THE  COURSES. 

Class-Boom. — During  the  first  semester  of  the  junior  year 
the  students  meet  for  class-room  instruction  three  times  a 
week.  The  remaining  three  semesters  they  meet  for  class-room 
instruction  four  times  a  week.  For  class-room  instruction  the 
electrical  engineering  students  are  divided  into  four  junior 
sections  and  four  senior  sections.  This  makes  about  twenty 
students  in  each  junior  section  and  fifteen  in  each  senior 
section.  Class-room  instruction  is  in  charge  of  two  instruc- 
tors, each  of  whom  is  responsible  for  two  junior  and  two  senior 
sections.  During  the  first  semester  of  the  junior  year  each 
instructor  meets  his  two  junior  sections  combined  for  a  lecture 
once  a  week,  and  each  section  singly  for  recitations  twice  a 
week.  For  the  remainder  of  the  course  he  meets  his  sections 
combined  for  a  lecture  twice  a  week  and  singly  for  recitations 
twice  a  week.  The  class-room  instruction,  after  the  first 
semester  of  the  junior  year,  does  not  follow  a  text-book  closely. 
The  student  provides  himself  with  several  books  of  permanent 
value  for  use  as  reference  books.  The  principles  studied  are 
developed  in  lectures.  Daily  problems  for  home  solution  are 
given.  A  large  per  cent,  of  these  problems  require  numerical 
calculation  and  involve  the  plotting  of  results  in  curves. 
Lectures  and  recitations  alternate.  The  method  of  conduct- 
ing the  recitations  varies  with  the  subject.  "Written  recita- 
tions are  held  frequently.  In  the  recitations  the  students  are 
questioned  regarding  the  subjects  taken  up  in  the  lectures  and 
also  about  the  results  of  their  problems. 

Laboratory. — Each  student  spends  one  three-hour  period  in 
the  electrical  engineering  laboratory  each  week  of  the  junior 
and  senior  years.  The  laboratory  equipment  is  such  that  it  is 
not  advisable  to  allow  more  than  twelve  to  sixteen  students  in 
a  laboratory  section.  It  is  possible  to  have  one  junior  section 
and  one  senior  section  working  simultaneously.  The  students 
in  each  laboratory  section  are  divided  into  squads  of  three  or 
four.  The  students  forming  a  squad  work  together  in  their 
tests.  Each  week  in  turn  one  of  the  students  acts  as  leader  of 
his  squad.     The  leader  directs  the  experimental  work  and  is 
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held  responsible  for  all  instruments  and  apparatus  used.  The 
machines  are  not  permanently  connected  with  the  switchboard. 
The  students  for  each  test  must  make  their  own  connections. 
In  general  the  students  are  left  to  their  own  resources  as  much 
as  possible.  Each  student  must  prepare  a  carefully  worked 
out  report  of  each  experiment.  In  this  report  he  is  expected 
to  answer  questions  printed  in  the  directions  for  making  the 
experiment.     Special  blank  forms  are  not  used. 

Design. — Instruction  in  electrical  engineering  design  is 
given  throughout  the  senior  year.  Each  week  of  the  first 
semester  the  student  attends  one  design  lecture  and  spends 
one  three-hour  period  in  the  design-room.  Each  week  of  the 
second  semester  he  attends  two  design  lectures  and  spends  one 
three-hour  period  in  the  design-room.  Electrical  design  is 
taught  by  two  instructors,  each  of  whom  is  responsible  for 
about  half  of  the  students.  Each  instructor  meets  aU  of  his 
students  at  one  time  for  lectures.  His  students  are  divided 
into  sections  of  about  twelve  for  design-room  work.  The 
design-room  work  is  distinctly  calculation  rather  than  draft- 
ing. No  drawings  are  made  except  such  sketches  as  are  neces- 
sary to  obtain  measurements  needed  for  calculations.  The 
work  in  design  follows  closely  the  instruction  given  in  class- 
room. 

Seminar. — The  senior  electrical  engineering  students  meet 
once  each  week  for  a  two-hour  seminar  period.  The  students 
in  turn  present  papers  on  some  subject  they  have  chosen  after 
consultation  with  the  instructor  in  charge.  A  large  propor- 
tion of  the  papers  consist  of  description  of  some  phases  of 
engineering  construction  or  operation  with  which  the  students 
have  had  practical  experience.  After  the  paper  is  presented 
the  subject  is  open  for  discussion,  which  often  is  animated. 
The  student  who  presents  the  paper  is  expected  to  answer  all 
questions  or  objections,  and  since  he  naturally  wishes  to  be 
able  to  hold  his  own,  he  has  a  strong  incentive  to  master  his 
subject  thoroughly.  Several  lecture  series  are  given  by  in- 
structors on  such  subjects  as  illumination,  telephony,  electric 
railway  motors,  etc. 
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Thesis. — Thesis  subjects  are  assigned  the  first  semester  of  the 
senior  year.  The  student  is  supposed  to  do  preliminary  work 
the  first  semester,  but  the  real  task  of  thesis  preparation  is 
carried  out  the  second  semester.  The  students  work  singly  or 
in  groups  according  to  the  nature  of  the  subject.  Each  thesis 
is  under  the  supervision  of  an  instructor,  to  whom  frequent 
reports  of  progress  are  made. 

Inspection  Trip. — In  October  or  November  the  senior  elec- 
trical engineering  students  are  given  a  carefully  planned 
inspection  trip.  The  time  devoted  to  this  inspection  is  usually 
three  days.  Under  the  conditions  at  Illinois  it  is  believed  a 
trip  of  this  length  yields  the  maximum  benefit  with  the  mini- 
mum expense  of  time  and  money. 

CORRELx\.TION  OF  THE   COURSES. 

The  end  in  view  is  to  make  the  combined  courses  a  unit, 
and  not  necessarily  to  make  each  individual  course  complete 
in  itself.  To  accomplish  this  aim  it  is  important  to  provide  as 
perfect  correlation  as  possible.  The  more  important  prin- 
ciples are  presented  from  different  view  points  in  class-room, 
laboratory,  design-room  and  seminar.  This  method  empha- 
sizes what  is  most  important  and  leads  the  student  to  a  more 
accurate  understanding  of  the  subjects  so  presented.  The 
table  shows  the  subjects  taken  up  each  semester. 

Description  of  the  Courses. 

Junior  Year,  First  Semester. — The  class-room  instruction 
follows  a  text-book  closely.  Much  emphasis  is  placed  on  the 
fundamental  laws  which  are  the  basis  of  electrical  engineering, 
and  considerable  time  is  devoted  to  descriptive  teaching  con- 
cerning the  construction  and  operation  of  the  more  common 
pieces  of  direct  and  alternating  current  apparatus.  The 
student  is  given  thorough  drill  in  the  solution  of  simple  direct 
current  problems.  Dynamo  models  and  parts  of  machines  are 
used  as  an  aid  in  teaching  construction  details.  Demonstra- 
tion lecture  experiments  are  performed  before  the  class  as  an 
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aid  in  the  study  of  the  operation  of  direct  current  generators 
and  motors.  Problems  are  assigned  based  on  data  obtained  in 
the  lecture  experiments.     When  feasible,  class-room  experi- 


Semester. 


Class-room. 


Laboratory. 


'Fundamental  laws.    Study  of   D.C.    cir- 
Electric  circuit*.  cuits. 

Junior  vear.    Construction  of  D.C.  Operation  of  gener- 

i  A.C.  apparatus.      ator?  and  motors. 
Operation    of    D.C.  Char  act  eristic 

generators.  curves  of  varioos 

First.  Operation    of    D.C.      tvp^es    of    motors 

motors.  I     and  generators. 

Magnetic  circuits,     i 
Storage  batteries. 


Design-room. 


Junior  Tear. 


Second- 


A.C.  ware  forms.       Study  of  D.C.  gener- 
Vectors.  ators  and  motors. 

Complex  quantities.  Determination  of 


A.C.  circuits. 
Transmission  lines. 
TraDsformers. 


wave  forms 

Study  of  A.C.  cir- 
cuits. 

Measurement  of 
power. 

Study  of  artificial 
transmission  line. 


iTransformers.  Transformers.  Transformer. 

;  Poly-phase   power    , 

Senior  year.   'Wave  analysis.  measurements. 

Three-phase  cir- A.C.  generator  tests.  D.C.  generator. 


cults. 


First. 


A.C.  generators. 


Parallel  operation  of 

D.C.  generators  Alternator. 

and    A.C.    gener-| 

ators. 
Photometric  tests. 


Senior  vear. 


Second. 


Synchronous  motor.  Storage  battery.         'Alternator. 
[Induction  motor.       Svnchronous  motor.  Induction  motor. 
Distributed   induct-  Three-phase     trans-, Electric  power 


ance  and  capacity.      formers. 
Synchronous      con-  Induction  motors. 

verter.  Synchronous  con- 

Transient    phenom-      verter. 

ena.  Arc  lamps. 

Commutator  motors.  Integrating  watt- 
I  1     meter. 


plants. 

'Illumination. 

lElectric  drives. 

Systems  of  distribu- 

'     tion. 

Synchronous  con- 
verter. 


ments  are  made  at  a  later  date  to  show  the  students  how 
closely  their  calculated  results  compare  with  the  actual  quan- 
tities.     In  the  study  of  magnetic  circuits  the  student  makes 
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calculations  for  several  problems,  including  that  of  finding 
the  saturation  curve  of  a  direct  current  generator  from  the 
dimensions  of  the  machine.  A  few  lessons  are  given  to  a  brief 
study  of  storage  batteries. 

The  experiments  performed  by  each  student  in  the  electrical 
engineering  laboratory  the  first  semester  of  the  junior  year 
include  the  following : 

Study  of  series  circuit. 

Study  of  series  and  parallel  circuit. 

Measurement  of  resistance  by  fall  of  potential. 

Variation  of  resistance  with  temperature. 

Starting  and  reversal  of  motors. 

Static  torque  test  of  motor. 

Brake  test  of  shunt  motor. 

Brake  test  of  series  motor. 

Magnetization  curve  of  generator. 

Characteristic  curv'es  of  shunt  generator. 

Characteristic  cur^'es  of  compound  generator. 

Stray  power  test  of  a  motor. 

Speed  control  of  motor  by  field  rheostat. 

Speed  control  of  motor  by  armature  rheostat. 
Junior  Year,  Second  Semester. — In  the  class-room  the  les- 
sons for  the  first  few  weeks  deal  with  the  subject  of  alter- 
nating wave  forms  of  voltage  and  current.  The  subject  is 
developed  by  lectures  and  graphical  problems.  The  student 
determines  the  instantaneous  values  of  voltage  generated  in  a 
coil  which  is  assumed  to  rotate  in  magnetic  fields  of  uniform 
and  also  non-uniform  distribution,  and  plots  these  values  to 
rectangular  coordinates.  In  these  problems  the  magnetic 
flux  is  represented  by  lines  drawn  on  paper,  and  the  voltage 
at  any  instant  is  taken  as  proportional  to  the  rate  of  change 
of  lines  enclosed  by  the  coil.  The  influence  of  magnetic  dis- 
tribution on  wave  shape  is  clearly  brought  out  by  these  prob- 
lems. The  student  learns  the  effect  on  wave  form  of  distrib- 
uting the  winding  by  finding  the  voltage  wave  for  the  case 
of  two  or  more  coils  in  series  with  phase  displacement  of  ten 
or  fifteen  degrees.    The  approximate  wave  form  of  an  alter- 
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nator  ■vrith  chamfered  pole  tips  is  found  by  the  student.  A 
projection  oscillograph  constructed  bv  students  is  available, 
by  means  of  which  wave  forms  of  voltage  and  current  may  be 
shown  on  the  lecture-room  screen.  The  student  then  e^on- 
siders  the  relation  between  voltage  and  current  in  a  circuit 
containing  resistance  only.  He  is  asked  to  determine  the 
relation  between  current  and  voltage  in  a  circuit  containing 
resistance  and  also  containing  a  coil.  From  his  knowledge  of 
fundamental  laws  the  student  is  able  to  deteimine  the  influ- 
ence of  self -inductive  reactance  for  any  wave  form  of  eorrenf; 
assuming  constant  reluctance  for  the  magnetic  circuit  of  the 
coil.  In  a  similar  manner  he  is  led  to  work  out  for  himself 
the  influence  of  capacity  reactance.  The  graphical  problens 
performed  and  the  wave  forms  plotted  aid  in  making  clear 
the  meaning  of  the  terms  used,  such  as  phase  relation,  cycle, 
etc.  The  distinction  between  effective  and  average  values  is 
discussed,  and  the  student  finds  the  relation  between  maxi- 
mum, effective  and  average  values  for  several  of  the  wave 
forms  represented  in  his  problems.  The  subject  of  electric 
power  in  single-phase  circuits  is  studied  by  assuming  sine 
waves  of  voltage  and  current  and  plotting  the  power  wave. 
The  students  assume  various  phase  relations  of  voltage  and 
current  and  learn  not  only  that  electric  power  is  of  double 
frequency  but  the  relation  between  voltage,  current,  phase- 
angle  and  power.  The  student  also  solves  a  similar  problem 
with  a  balanced  two-phase  circuit  and  discovers  for  himself 
that  the  total  power  is  constant. 

The  differential  equations  for  a  circuit  containing  resist- 
ance, inductance  and  capacity  are  developed  and  the  student 
obtains  the  solution  for  the  case  of  a  sine  wave  of  current 
The  student  finds  this  solution  corroborates  his  graphical  seA.Ur 
tions.  He  also  learns  the  numerical  relation  between  react- 
ance and  inductance  or  capacity.  The  various  methods  of 
representing  alternating  vectors  are  studied.  The  method 
adopted  for  use  is  that  of  the  polar  time  diagram.  Stein- 
metz  's  symbolic  method  of  calculation  is  taken  up.  To  afford 
practice  in  the  use  of  this  system,  also  to  make  the  student's 
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understanding  of  circuits  more  complete  many  problems  deal- 
ing with  series  and  parallel  circuits  are  assigned.  Vector 
diagrams  for  all  problems  are  drawn  by  the  student  in  order 
that  he  may  learn  the  connection  between  the  algebraic  expres- 
sions and  the  geometric  representations  of  the  same.  As  an 
example  of  alternating  current  curcuit  the  transmission  line 
is  studied  in  detail,  and  many  numerical  problems  are  given. 
The  student  is  taught  to  arrange  his  numerical  work  in  tab- 
ular form,  also  never  to  depend  on  a  single  calculation  but 
to  carry  out  the  result  for  several  cases  with  slightly  varying 
conditions.  These  results  should  plot  in  a  smooth  curve  if 
there  is  no  numerical  error  in  any  of  the  calculations.  The 
student  also  becomes  familiar  with  the  per  cent,  method,  which 
he  finds  of  great  advantage.  In  this  method  fuU  load  voltage 
and  full  load  current  are  taken  as  unity  or  one  hundred  per 
cent.  The  value  of  resistance  or  reactance  is  taken  as  the 
per  cent,  of  full  load  voltage  required  to  pass  full  load  current 
through  the  resistance  or  reactance.  These  per  cent,  values 
are  used  in  the  calculations  in  place  of  the  values  of  volts, 
amperes  and  ohms. 

The  transformer  is  easily  understood  by  the  student  after 
his  study  of  self  induction.  Lecture  experiments  are  per- 
formed to  illustrate  the  law  of  ratio  of  turns,  the  phenomenon 
of  magnetic  leakage,  the  influence  of  joints  in  magnetic  cir- 
cuit on  core  loss,  magnetizing  current,  and  magnetic  leakage. 
The  question  of  reactance  is  discussed,  and  by  experiments  the 
influence  of  relative  position  of  coils  on  reactance  is  shown. 
The  method  of  representing  a  transformer  by  an  equivalent 
circuit  containing  resistance  and  inductance  is  developed. 
From  the  transformer  constants  derived  from  the  lecture 
experiments  the  students  make  calculations  to  determine  the 
influence  of  secondary  load  and  power-factor  on  the  trans- 
former efficiency  and  regulation. 

The  experiments  performed  in  the  electrical  engineering 
laboratory  the  second  semester  of  the  junior  year  are  as  fol- 
lows: 
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Compoundiiig   of   shunt   generator   from   magnetization 
curve  and  external  characteristic. 

Armature  characteristic  of  shunt  generator. 

Magnetic  distribution  in  air  gap. 

Rating  of  motor  for  measurement  of  power. 

Determination  of  wave  form  by  Mershon's  method. 

Determination  of  wave  of  magnetic  fiux. 

Study   of    series    circuit    containing   resistance    and    in- 
ductance. 

Study  of  parellel  circuit  containing  resistance  and  in- 
ductance. 

Value  of  current  and  phase-angle  in  a  circuit  of  varying 
inductance. 

Value  of  current  and  phase-angle  in  a  circuit  of  varying 
frequency. 

Effect  of  frequency  on  iu'lieation  of  ammeter. 

Measurement  of  power  in  single-phase  circuit  by  watt- 
meter. 

Study  of  artiucial  transmission  line. 
Senior  Tear.  First  Semester. — In  the  class-room  a  brief 
review  is  made  of  the  gromid  covered  in  the  preceding  semes- 
ter. Transformer  operation  is  studied  by  means  of  curves 
showing  the  instantaneous  values  of  voltage,  current  and  flux 
plotted  to  rectangular  co-ordinates.  The  student  is  given  data 
for  the  hysteresis  loop  of  a  transformer  and  finds  the  flux  and 
enrrent  waves  assuming  a  sine  wave  of  voltage.  He  also  flnds 
the  flux  and  voltage  waves  assuming  a  sine  wave  of  current. 
The  student  is  taught  how  to  analyze  waves,  and  he  finds  the 
harmonics  present  in  his  waves  of  transformer  exciting  cur- 
rent and  voltage.  A  series  of  problems  is  assigned  to  deter- 
mine the  relative  importance,  as  regards  eflSeiency  and  regu- 
lation, of  the  four  transformer  constants :  core  loss  current, 
magnetizing  current,  resistance  and  reactance.  Values  of 
constants  for  a  good  transformer  are  given.  Each  student 
considers  three  of  these  constants  fixed  and  calculates,  for 
some  particular  load  power  factor,  the  efficiency  and  regu- 
lation of  the  transformer  with  a  wide  ransre  in  value  of  the 


ELECTRICAL.   ENGINEERING   INSTRUCTION.  449 

fourth  constant.  Results  are  given  out  by  students  in  class 
and  are  plotted  in  curves  on  the  black-board.  This  method 
has  the  advantage  of  lessening  the  tendency  of  students  to 
copy  the  work  of  others,  and  also  affords  interesting  and  valu- 
able material  for  class-room  discussions.  The  methods  of 
measuring  three-phase  power  are  studied.  The  question  of 
harmonics  in  three-phase  systems  is  discussed.  The  influence 
of  harmonics  on  three-phase  transformer  operation  is  investi- 
gated. A  study  of  the  alternator  is  then  made  in  the  class- 
room. The  alternator  vector  diagram  is  drawn  and  equations 
for  the  calculation  by  complex  quantities  are  developed.  The 
student  learns  how  to  calculate  the  reactance  of  alternators. 
The  relative  magnitudes  of  reactance  to  be  used  for  energy 
and  for  wattless  current  is  discussed.  The  student  learns  how 
to  calculate  the  armature  reaction  for  machines  with  and  also 
without  definite  poles.  A  group  of  problems  is  assigned,  the 
solution  of  which  shows  the  class  the  influence  on  the  opera- 
tion of  an  alternator,  of  changes  in  the  proportions  of  the 
teeth  and  changes  in  length  of  air  gap. 

The  experiments  performed  by  each  student  in  the  electrical 
engineering  laboratory  the  first  semester  of  the  senior  year 
are  as  follows : 

Methods  of  connecting  coils  of  single  transformer. 

Reactance  of  a  coil  containing  iron  in  its  magnetic  circuit 
with  various  values  of  current. 

Determination  of  reactance  drop  of  a  transformer  under 
load. 

Efficiency  of  a  transformer  by  stray  power  method. 

Calculation  of  regulation  of  a  transformer  from  no  load 
readings. 

Determination  of  hysteresis  loop  of  a  transformer. 

Measurement  of  poly-phase  power  by  one,  two  and  three 
wattmeter  method. 

Ratios  of  voltages  and  currents  in  A  and  Y-connected 
transformers. 

Separation  of  iron  losses  of  a  transformer. 
;:9 
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Determination  of  Stemmetz's  coefficient  and  exponent. 

Characteristics  of  incandescent  lamps. 

Determination    of    distribution    curves    of   incandescent 
lamps. 

Measurement  of  D.C.  and  A.C.  arc  lamps  bv  reading 
illuminometer. 

Open  circuit  saturation  curve  of  an  alternator. 

Synchronous  impedance  of  an  alternator. 

Parallel  operation  and  load  division  of  shunt  and  com- 
pound D.C.  generators. 

Parallel  operation  and  load  division  of  alternators. 
In  electrical  engineering  design  the  first  semester  of  the 
senior  year  the  time  is  devoted  entirely  to  a  study  of  the 
design  of  electrical  machines.  In  the  lectures  the  methods  of 
design  are  taken  up.  The  student  makes  calculations  for  the 
following : 

Design  of  a  transformer,  single-phase  and  poly-phase. 

Design  of  a  direct  current  generator. 

Design  of  an  alternating  current  generator  (started). 
Senior  Year,  Second  Semester. — In  the  class-room  the 
vector  diagram  for  the  synchronous  motor  is  developed  and 
equations  derived  for  the  calculation  by  complex  quantities. 
Constants  for  a  synchronous  motor  are  given  and  the  student 
calculates  its  characteristic  curves.  Problems  are  assigned 
which  show  the  influence  of  varying  loads  on  synchronous 
motor  stability.  The  students  make  calculations  which  show 
the  use  of  the  synchronous  motor  in  voltage  control  of  dis- 
tributing systems. 

The  induction  motor  is  studied  in  a  similar  way  and  the 
students  solve  a  carefully  planned  series  of  problems.  These 
calculations  make  it  possible  to  bring  out  clearly  the  im- 
portant features  of  induction  motors. 

A  few  lessons  in  mathematics  are  given  to  review  the  differ- 
ential equations  which  appear  frequently  in  engineering  prob- 
lems. The  students  make  calculations  of  long  distance  trans- 
mission lines,  assuming  distributed  inductance  and  c-apacity. 
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They  also  solve  several  problems  involving  the  transient  phe- 
nomena of  starting  or  stopping  currents. 

The  synchronous  converter  is  discussed.  Several  problems 
are  assigned  involving  the  calculation  of  voltage,  current  and 
heating  ratios  of  synchronous  converters. 

The  theory  of  commutator  alternating  current  motors  is 
developed  and  each  student  calculates  from  assigned  data  the 
characteristic  curves  of  a  series  alternating  current  motor. 

During  this  semester  frequent  written  quizes  are  held  cov- 
ering all  the  student  has  studied  in  electrical  engineering. 

The  experiments  performed  by  each  student  in  the  electrical 
engineering  laboratory  the  second  semester  of  the  senior  year 
are  as  follows : 

Storage  battery  test. 

Operation  of  synchronous  motor  under  variable  load  with 

constant  field  excitation. 
Phase  characteristics  of  synchronous  motor. 
Determination  of  wave  form  by  an  oscillograph. 
Study  of  harmonics  in  three  single  transformers,  three- 
phase  connection. 
Study  of  harmonics  in  core  and  in  shell  type  three-phase 

transformers. 
Study  of  A.C.  arc  lamps. 
Brake  test  of  an  induction  motor. 
Stray  power  test  of,  and  circle  diagram  for  an  induction 

motor. 
Efficiency  of  an  alternator  by  stray  power  method. 
Study  of  induction  type  integrating  wattmeter. 
Starting  and  operation  of  a  synchronous  converter. 
In  electrical  engineering  design  for  the  second  semester  of 
the  senior  year  the  time  is  devoted  partly  to  the  calculation  of 
machines  and  partly  to  a  study  of  power  plant  design.     The 
work  done  by  the  student  during  the  design-room  periods  in- 
cludes the  following: 

Design  of  an  alternator  (started  in  first  semester). 
Design  of  an  induction  motor. 
Design  of  a  synchronous  converter. 
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Power  plant  design  is  taken  up  in  the  lecture  periods.  The 
problem  assigned  this  year  was  a  power  plant  for  the  local 
city.  The  city  was  divided  into  sections,  and  each  student 
made  a  careful  survey  of  one  section  and  estimated  the  amount 
of  electric  power  used  in  that  section  for  house  lighting,  street 
lighting  and  power.  From  these  estimates  the  load  center 
was  determined,  also  the  estimated  load  curve  of  the  station. 
The  students  were  interested  to  find  the  actual  load  curv^e  of 
the  existing  station  differed  by  about  ten  per  cent,  from  the 
estimated  load  curve.  The  best  location  for  the  plant  was 
studied  and  the  value  of  land  for  the  different  locations  ob- 
tained. The  size  and  number  of  generating  units  was  dis- 
cussed. Each  student  then  made  plans  for  the  station  lay-out 
and  estimated  the  probable  cost  of  the  same. 

The  other  subjects  discussed  in  the  design  lectures  include 
the  following : 

Water  power  development. 

Interior  and  street  lighting. 

The  application  of  electricity  to  machine  driving. 

Systems  of  electric  distribution. 

The  student  is  assigned  problems  in  each  of  these  subjects. 

The  results  obtained  by  this  system  of  instruction  have  been 
excellent.  The  students  are  enthusiastic  and  show  great  inter- 
est in  their  work.  One  indication  of  this  is  the  fact  that  the 
average  attendance  is  found  to  be  about  ninety-eight  per  cent, 
of  the  number  enrolled.  The  department  believes  that  the 
mastery  of  the  symbolic  method  of  calculation  gained  by  this 
system  of  instruction  enables  the  student  to  get  an  under- 
standing of  electrical  engineering  theory  that  would  be  im- 
possible otherwise.  The  daily  solution  of  numerical  problems 
gives  the  student  valuable  training  in  the  habits  of  accuracy 
and  also  leads  to  a  better  understanding  of  underlying  prin- 
ciples. The  department  is  of  the  opinion  that  from  the  admin- 
istrative point  of  view  there  is  greater  advantage  in  having 
all  the  electrical  engineering  students  follow  the  same  course 
of  instruction  than  in  having  them  break  up  into  several  more 
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highly  specialized  courses.  Since  the  student  usually  can  not 
be  sure  in  which  part  of  the  field  of  engineering  his  oppor- 
tunity will  open,  it  seems  better  for  him  to  get  a  thorough 
grounding  in  the  general  principles  of  electrical  engineering 
than  to  specialize  too  fully  in  his  undergraduate  years.  At 
the  University  of  Illinois  the  graduate  student  in  electrical 
engineering  has  abundant  opportunity  to  pursue  advanced 
studies  dealing  with  any  phase  of  the  electrical  engineering 
field  in  which  he  may  choose  to  specialize. 

Discussion. 

Professor  C.  Francis  Harding  (by  letter)  :  The  writer  of 
the  above  paper  is  to  be  congratulated  upon  his  logical  and 
concise  outline  of  the  course  in  electrical  engineering  admin- 
istered at  the  University  of  Illinois.  The  paper  sets  forth 
very  clearly  in  a  few  words  the  policy  underlying  the  adminis- 
tration of  the  electrical  engineering  work  as  well  as  the 
detailed  contents  of  the  course  during  the  junior  and  senior 
years  in  which  the  students  are  largely  engaged  in  work 
under  the  direction  of  the  department  of  electrical  engi- 
neering. 

As  the  course  outlined  by  Professor  Paine  is  quite  similar 
to  that  administered  by  the  university  with  which  the  writer 
is  connected  there  seem  to  be  but  two  questions  of  prime 
importance  in  the  paper  which  warrant  further  discussion. 
These  questions  are : 

1.  The  advisability  of  departing  so  radically  from  the  use 
of  the  text-book  and  thereby  requiring  a  relatively  large 
proportion  of  lecture  work. 

2.  The  advisability  of  the  working  of  a  large  number  of 
problems  by  the  students  at  home. 

Discussing  the  above  problems  in  order,  although  the  ex- 
tent to  which  text-books  are  used  or  list  of  texts  used  do  not 
appear  in  the  above  paper,  it  is  the  understanding  of  the 
writer  from  other  sources  and  the  natural  inference  from  the 
above  paper  that  text-books  are  used  less  for  daily  assign- 
ments in  the  course  outlined  above  than  in  the  average  tech- 
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nical  universitv,  thereby  requiring  of  necessity  a  larger  pro- 
portional amount  of  lecture  work. 

^VMle  the  writer  believes  thoroughly  in  the  necessity  of 
lectures  and  while  it  is  practically  impossible  to  apply  suc- 
cessfully any  text-book  to  a  course  in  electrical  engineering. 
no  matter  how  complete  and  well  written  that  text-book  may 
be,  unless  the  book  is  written  by  the  instructor  who  adminis- 
ters the  work  for  the  particular  course  with  which  it  is  to  be 
used,  yet  it  is  believed  that  it  is  quite  possible  to  go  to  the 
other  extreme  of  confusing  the  student  with  a  maze  of  ref- 
erences to  books  not  in  his  possession  and  a  set  of  lecture 
notes  which  cannot  be  made  sufficiently  complete  and  accu- 
rate for  efficient  use  in  later  years.  Those  of  us  who  have  had 
occasion  to  work  out  original  problems  based  upon  funda- 
mental theory,  which  we  have  not  reviewed  for  some  years 
perhaps,  find  ourselves  involuntarily  turning  back  to  the  weU- 
remembered  worn  page  of  the  text-book  we  studied  as  an 
under-graduate  in  order  to  clarify  in  our  own  minds  the 
particular  theory  involved  from  the  viewpoint  which  we 
grasped  so  thoroughly  at  that  time  and  which  thereby  be- 
comes the  proper  and  most  efficient  viewpoint  upon  which  to 
base  our  further  developments  of  the  theory.  In  short,  it  is 
the  belief  of  the  writer  that  no  amount  of  lecture  work  and 
references  can  entirely  make  up  for  a  definite  assignment  in 
the  best  text  available,  which  text  is  owned  by  the  student  and 
will  be  used  in  the  future  as  a  most  useful  and  efficient  ref- 
erence. The  lectures,  references  and  outside  problems  should, 
therefore,  in  the  belief  of  the  writer,  augment  and  further 
clarify  the  text  and  be  so  chosen  as  to  adapt  the  text  to  the 
particular  needs  of  a  particular  class  of  students,  but  great 
care  should  be  taken  not  to  permit  such  features  to  crowd  the 
text  out  of  daily  use  in  the  class  room. 

No  instructor  can  be  a  stronger  advocate  than  the  writer  of 
the  absolute  necessity  of  a  large  number  of  problems  so 
planned  as  to  augment  the  t€xt-book  work  in  a  given  subject 
and  to  give  the  student  a  clear  idea  of  the  application  of  the 
theory  to  practice.    In  fact,  it  is  believed  that  the  problemis 
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should  go  one  step  further  and  involve  wherever  possible  the 
financial  considerations  of  the  problem,  for  the  technical  stu- 
dent, especially  in  classes  under  the  direction  of  an  academic 
instructor  who,  not  having  had  actual  practice  in  the  engi- 
neering field,  is  very  apt  to  emphasize  small  gains  in  efficiency 
and  operating  characteristics  of  machines  and  circuits  at  the 
expense  of  high  cost  of  construction,  installation,  operation 
and  depreciation.  It  is  the  belief  of  the  writer  that  technical 
graduates  in  general  are  not  taught  to  consider  sufficiently 
the  effect  of  the  "almighty  dollar"  upon  engineering  prob- 
lems. This  fact  is  appreciated  by  the  executive  under  whom 
the  technical  graduate  serves  immediately  after  graduation 
and  is  one  of  the  important  experiences  which  must  be  ob- 
tained before  any  degree  of  responsibility  can  be  undertaken. 

However,  in  spite  of  this  feeling  with  regard  to  the  neces- 
sity of  problems,  the  administration  of  problem  work  in  the 
course  of  electrical  engineering  has  to  be  given  careful  atten- 
tion. In  the  outline  in  the  above  paper  it  will  be  noted  that 
a  large  number  of  problems  are  worked  out  by  the  students  at 
home.  No  means  has  yet  been  found  by  the  writer  of  assuring 
the  instructor  that  the  student  has  done  a  sufficient  amount  of 
individual  work  upon  such  a  problem  to  thoroughly  acquaint 
him  with  the  principle  involved  therein.  Tests  may  be  ad- 
ministered to  cover  the  work  but  they  cannot  be  given  suffi- 
ciently often  nor  even  daily  recitations  made  sufficiently  com- 
plete, especially  with  large  classes,  to  guarantee  to  the  in- 
structor that  even  the  important  principles  involved  in  the 
outside  problem  have  been  thoroughly  grasped  by  all  students. 
Problems  worked  out  in  error  with  the  errors  left  uncorrected 
or  problems  worked  out  by  others  and  copied  by  the  students 
and  handed  in  as  their  own  work  are  worse  than  useless  for 
they  lead  the  student  to  believe  either  that  he  understands  the 
problem  when  he  does  not  or  that  he  can  succeed  in  future 
engineering  undertakings  by  deceiving  his  superiors. 

The  writer  grants  that  it  is  difficult  to  strike  a  happy  mean 
between  the  two  extremes  of  too  few  illustrative  problems  and 
too  many  problems  involving  outside  work  and  he  also  grants 
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that  there  are  many  problems  which  are  necessarily  too  long 
to  be  worked  out  in  a  single  recitation  period.  Necessarily 
too  long,  I  say,  because  of  the  fact  that  a  large  number  of  dis- 
connected steps  in  the  development  of  a  result  taken  as  indi- 
vidual problems  and  not  united  into  a  whole  do  not  in  many 
eases  satisfactorily  bring  out  the  point  desired  or  give  the 
necessary  training  to  the  student  for  such  work  as  the  prepa- 
ration of  engineering  reports  and  estimates  for  instance. 
However,  with  the  administration  of  calculating  periods  in 
connection  with  laboratory  work  and  design,  involving  de- 
tailed concrete  problems  in  the  development  of  character- 
istics of  machines  determined  from  test  and  predetermined 
from  design  data  together  with  a  large  number  of  short  fun- 
damental carefully  planned  problems  in  connection  with  the 
daily  recitation  and  possibly  a  few  long  problems  requiring 
several  weeks  of  the  student's  available  time  outside  of  class 
of  the  nature  of  engineering  reports  and  theoretical  develop- 
ments involving  a  large  number  of  steps  arriving  at  a  logical 
conclusion  based  upon  different  fundamental  concrete  values 
for  different  groups  consisting  of  a  few  students  each,  it  is 
the  belief  of  the  writer  that  the  best  possible  results  may  be 
obtained.  If  such  administration  receives  the  personal  atten- 
tion of  an  experienced  instructor  the  evils  of  the  two  ex- 
tremes mentioned  above  which  are  so  often  found  in  the 
administration  of  university  work  may  be  avoided. 
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RENEWED  SUGGESTIONS. 

BY    W.    G.    RAYMOND, 
Dean  of  the  College  of  Engineering,  University  of  Iowa. 

Ten  years  ago  the  writer  made  his  first  plea  for  a  radical 
change  in  engineering  school  practice,  principally  advocating 
two  things:  (1)  all-year  sessions  with  brief  and  somewhat 
regularly  arranged  vacation  periods;  (2)  individual  instruc- 
tion so  arranged  as  to  permit  a  student  or  a  small  group  of 
students  to  advance  through  the  course  as  rapidly  as  their 
ability  and  industry  would  allow. 

The  suggestions  met  with  derision  at  that  time — almost 
universal  derision.  But  one  by  one  some  of  the  strongest 
opponents  of  the  proposed  change  have  become  its  advocates 
at  least  in  part;  and  from  time  to  time  as  various  criticisms 
of  present  methods  have  been  presented  to  the  Society,  the 
writer  has  reminded  the  Society  that  the  cure  lay  in  the 
adoption  of  the  suggestions  of  1901. 

The  writer  has  never  been  able  to  try  out  the  experiment 
of  an  all-year  session,  but  he  has  been  able  to  experiment  with 
the  individual  method  of  instruction.  The  success  of  the 
experiment  has  been  told  before  this  Society. 

To  the  knowledge  of  the  writer  three  schools  have  adopted 
the  all-year  session  plan — the  Thayer  School  of  Civil  Engi- 
neering in  Dartmouth  College,  the  University  of  Chicago 
which  had  adopted  it  (although  unknown  to  the  writer)  be- 
fore his  suggestions  were  made,  and  the  University  of  Cin- 
cinnati in  connection  with  its  co-operative  courses  in  engi- 
neering. 

Criticism  of  the  engineering  schools  has  not  been  wanting 
during  all  these  years,  but  this  criticism  has  not  been  confined 
to  engineering  schools  but  has  reached  pretty  much  all  schools 
of  higher  education  as  a  class;  and,  while  the  writer  recog- 
nized the  splendid  work  that  has  been  done  by  the  better  men 
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who  have  graduated  from  Tarious  technical  schools,  he  is  still 
of  the  impression  that  these  schools  are  not  efl&cientlv  con- 
ducted and  that  we  as  a  Society  pay  too  much  attention  to 
small  details  of  teaching  and  laboratory  arrangement,  etc., 
and  not  enough  to  the  greater  problems  of  general  organiza- 
tion and  administration. 

The  Thayer  School  of  Civil  Engineering  is  essentially  a 
graduate  school  of  engineering  lap- jointed  (to  use  one  of 
Professor  Jackson's  expressions)  with  a  course  in  arts.  The 
co-operative  system  of  Cincinnati  is  not  suited  to  aU  or  even 
the  majority  of  universities,  and  it  is  probably  safe  to  say 
that  it  is  limited  in  the  extent  to  which  it  can  be  developed  in 
Cincinnati. 

Admitting  for  the  moment  that  some  of  the  criticism  of  the 
engineering  schools  is  well-founded  (and  the  writer  believes 
that  some  of  it  is  well-founded),  the  difficulties  cannot  be  met 
everywhere  by  the  Thayer  School  method  nor  by  the  coopera- 
tive method  of  Cincinnati.  But  the  writer  believes  that  prac- 
tically all  the  difficulties  that  really  exist  can  be  met  by  every 
institution  by  the  adoption  of  the  two  suggestions  made  in 
1901,  namely,  an  all-year  session  and  individual  or  small 
group  instruction. 

Whether  or  not  one  or  more  years  of  the  course  shall  be 
devoted  to  practical  work  in  a  commercial  establishment  as 
is  the  custom  in  some  foreign  schools  or  whether  the  school 
shall  complete  its  work  with  the  young  man  before  he  enters 
commercial  life  at  all,  are  matters  of  detail,  as  is  the  arrange- 
ment of  the  course  to  fit  the  seasons,  climatic  conditions,  the 
needs  of  students  who  must  be  in  part  or  in  whole  self-sup- 
porting, ideas  of  sequence  of  subjects,  and  other  matters. 

It  is  true  that  in  some  structures  certain  details  must  be 
designed  before  it  is  known  that  the  proposed  design  for  the 
structure  as  a  whole  is  feasible.  But  the  writer  thinks  that 
this  is  not  true  of  his  proposed  school  structure. 

Engineering  is  now  recognized  as  a  learned  profession  and 
much  more  is  demanded  of  the  engineer  both  professionally 
and  socially  than  in  former  years.     To  meet  the  increased 
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demand  he  must  have  a  broader  training  than  would  suflBce 
fifteen  or  twenty  years  ago.  This  means  that  he  must  take 
more  time  for  his  educational  work  either  by  taking  more 
years  or  by  making  his  school  years  longer  than  they  now 
are.  The  writer  thinks  that  it  is  better  to  increase  the  length 
of  the  school  year  than  to  increase  the  number  of  years. 

The  charge  is  made,  and  it  is  true,  that  there  is  less  of 
personal  contact  between  the  student  and  experienced  in- 
structor than  there  should  be  because  of  the  large  classes  that 
are  now  taught.  And,  while  this  is  true  to  a  greater  extent 
in  colleges  of  arts  and  sciences  than  in  engineering  schools, 
it  is  nevertheless  true  to  a  greater  extent  than  it  should  be 
in  technical  schools.  This  diflBculty  is  met  by  the  individual 
or  small  group  method  of  instruction. 

The  all-year  session  and  individual  instruction  methods  be- 
ing thus  able  to  meet  two  of  the  principal  criticisms  leveled 
at  engineering  schools,  it  has  seemed  to  the  writer  that  the 
time  has  come  to  repeat  the  suggestions  of  1901,  and  to  ask 
the  members  of  the  Society  to  consider  them  carefully  and  to 
give  voice  to  the  opinions  resulting  from  such  consideration. 

The  writer  is  fully  aware  of  the  radical  character  of  these 
suggestions,  but  he  is  fully  convinced  that  the  weaknesses  in 
our  present  systems  are  not  to  be  corrected  by  minor  opera- 
tions, but  that  a  radical  change  of  some  kind  must  be  made 
if  any  great  degree  of  improvement  is  to  be  accomplished. 
And  with  all  the  criticism  and  all  the  discussion  we  have  had 
during  the  past  ten  years  he  has  heard  no  suggestion  made 
that  appealed  to  him  as  being  so  likely  to  improve  faulty  con- 
ditions, if  adopted,  as  the  suggestion  of  the  all-year  sessions 
and  the  individual  method  of  instruction. 

It  is  needless  to  answer  that  one  or  both  of  these  will  in- 
volve considerable  additional  expense.  Such  an  answer 
should  be  met  with  the  statement  that  we  are  not  spending 
as  much  as  we  should,  that  the  increased  eflBciency  is  worth 
all  that  it  costs,  and  that  when  this  is  satisfactorily  shown  to 
those  who  supply  the  money  the  necessary  funds  will  be 
forthcoming. 
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Discussion. 
Dean  M.  E,  Wadsworth:  "Wlien  I  went  to  the  Michigan 
College  of  ]\Iines  in  1887  the  institution  was  one  year  old. 
It  had  been  started  with  the  idea  that  in  order  to  make  a 
successful  technical  school  one  must  have  teachers  who  know 
nothing  of  educational  work,  but  who  must  have  been  in  prac- 
tical business  for  ten,  fifteen  or  twent^y  years.  No  records 
had  been  kept  of  that  year's  work  or  of  the  students.  The 
only  information  obtainable  about  the  school  was  from  one  of 
the  students  who  had  attended  the  preceding  year.  Condi- 
tions in  other  state  mining  schools  were  not  much  better, 
although  non-state  institutions  like  Columbia,  started  when 
I  began  teaching  in  1863,  had  always  been  successful.  Colo- 
rado, which  now  stands  as  the  largest  school  of  mines  in  the 
United  States,  had  then  only  thirty-one  students,  but  had 
been  in  operation  some  fifteen  years.  The  problem  at  Mich- 
igan was  to  make  a  success  of  a  school  which  had  nineteen 
students  the  preceding  year,  and  of  which  its  best  friends 
said,  "That  school  cannot  be  made  to  live  beyond  three  years 
under  any  consideration. ' '  The  ordinarj^  routine  course  could 
not  be  used  because  students  would  go  to  well-established 
schools  like  Columbia,  Lehigh  and  others.  The  course  was 
two  years  long.  From  1887  to  1889  I  made  the  year  thirtj^- 
nine  weeks,  which  was  about  as  long  as  I  could  do  at  that 
time.  In  the  catalogue  for  1889  and  1890  a  three-year  course, 
forty-five  weeks  each  year,  was  announced,  commencing  in 
1890.  That  three-year  course  covered  4,4-45  hours  of  rigid 
required  work.  The  catalogue  of  1890-1891  announced  a 
rigid  four-year  course  of  forty-five  weeks  each  year  which 
went  into  effect  in  the  year  1893.  This  course  required  for 
graduation  a  total  of  6,950  hours.  As  far  as  I  know,  so  hard 
a  mining  course  had  never  before  been  established  in  the 
United  States.  The  course  was  xery  severe  on  faculty  and 
students  in  a  region  where  the  winters  are  so  long.  The 
course  carried  to  the  extreme  the  instruction  in  mining  work. 
It  took  our  men  about  ten  hours  a  day  in  the  class  room,  both 
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summer  and  winter.  This  work  was  too  hard  for  all  and  the 
remedy  was  found  by  my  devising  an  elective  system  adapted 
to  our  conditions.  Professor,  now  President,  McXair  at  first 
declared  this  could  not  be  done,  but  later  the  system  was 
unanimou.sly  adopted  by  the  Board  and  Faculty  and  is  in 
successful  use  to-day. 

In  conclusion,  I  will  state  as  a  matter  of  history-  that  the 
first  use  of  the  forty-five-week  year,  or  continuous  year,  is 
attributed  wrongly  to  the  Chicago  University.  The  Michigan 
College  of  Mines  was  the  pioneer,  as  far  as  I  know.  Professor 
Harper  was  chosen  President  of  Chicago  University  Sep- 
tember 10,  1890.  He  accepted  the  presidency  on  February 
16,  1891,  and  entered  upon  his  duties  July  1, 1891.  The  forty- 
five-week  year  was  introduced  by  myself  and  in  operation  at 
the  College  of  ^Nlines  before  he  was  elected  to  the  presidency 
of  Chicago  University. 

Professor  Elton  D.  Walker  (by  letter)  :  I  was  very  much 
interested  in  Dean  Raymond's  paper.  For  some  time  I  have 
felt  that  it  would  be  desirable  to  have  our  engineering  schools 
in  session  all  of  the  year,  the  work  being  divided  into  three  or 
four  terms,  and  so  far  as  possible  all  subjects  being  taught 
in  every  term.  In  this  way  it  would  be  possible  for  a  student 
to  enter  upon  his  work  at  any  time  and  to  complete  his 
course  by  working  continuously  throughout  the  year  or  by 
taking  a  vacation  of  a  term  or  more  at  a  time  as  he  wishes. 
Of  course,  some  subjects  could  not  be  taught  satisfactorily 
during  the  winter  months  in  our  northern  colleges,  as  the 
field  work  of  surveying  for  instance,  and  similar  reasons 
might  prevent  some  other  subjects  being  current  in  all  terms. 
The  teacher's  work  could  be  arranged,  where  more  than  one 
teacher  was  engaged  upon  the  same  subject,  so  that  oppor- 
tunity would  be  open  for  vacations  even  though  the  subjects 
taught  were  offered  in  all  terms.  The  fact  that  some  institu- 
tions now  have  their  work  arranged  on  this  basis  proves  the 
practicability  of  the  general  scheme  though  the  writer  knows 
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of  no  engineering  school  that  has  yet  put  it  fully  into 
operation. 

Professor  F.  G.  Higbee  (by  letter) :  A  change  from  the 
present  arrangement  of  the  college  year  to  a  suggested  all- 
year  session  could  accomplish  but  one  of  two  possible  things : 
a  greater  amount  of  instruction  in  the  same  amount  of  time, 
or  a  similar  amount  of  instruction  in  a  less  amount  of  time. 
From  an  administrative  point  of  view  such  a  change  appears 
entirely  feasible,  practical,  and  efficient;  from  every  other 
point  of  view  the  advantages  of  such  a  change  may  be  brought 
into  question. 

If  such  a  change  is  intended  to  remedy  a  defect  so  often 
charged  against  engineering  schools — that  engineers  are  not 
broadly  trained  men — it  will  fail.  For  while  it  may  be 
granted  that  a  broader  training  might  thus  be  provided  it 
could  not  be  in  such  subjects  as  a  knowledge  of  life,  and  of 
men,  and  of  business  and  it  is  in  such  matters  that  engineer- 
ing schools  fail  to  give  training.  If  institutions  honestly 
desire  to  meet  the  criticism  against  the  higlily  specialized 
and  narrow  training  they  now  offer  it  is  high  time  that  they 
frankly  admit  that  they  can  not  give  broader  training  in  four 
years  time  and  revise  their  curricula.  The  so-called  vacation 
periods  are  to  be  considered  as  much  a  part  of  the  whole 
scheme  for  a  broad  training  as  any  other  part  of  the  college 
year  for  in  them  the  opportunity  may  be  had  to  see  life,  to 
study  men,  and  to  assimilate  already  acquired  knowledge. 

Again  if  such  a  change  in  the  college  year  is  intended  to 
assist  students  to  acquire  an  education  in  the  shortest  possible 
time  it  should  be  condemned  by  all  men.  If  the  commercial 
spirit  of  the  times  has  any  place  in  the  social  organization  it 
assuredly  is  not  in  our  educational  institutions.  Engineering 
training  of  itself  is,  unfortunately,  commercial  in  its  character 
and  any  influence  which  may  be  brought  into  engineering 
schools  to  leaven  this  unwholesome  lump  is  to  be  welcomed. 
The  faster  engineering  schools  attempt  to  lead  their  students 
away  from  the  ' '  bread  and  butter ' '  idea  so  common  in  educa- 
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tion  toward  the  idea  of  public  service  the  sooner  will  engineer- 
ing take  and  hold  its  proper  place  among  the  learned  pro- 
fessions and  the  sooner  will  criticism  of  engineering  educa- 
tion cease. 

Individual  instruction  is  a  much  misunderstood  name  for  a 
method  of  teaching  which,  instead  of  being  different  from  all 
other  methods  of  teaching,  is  rather  a  combination  of  them. 
Whatever  this  method  may  be  called  it  has  merit  not  only 
because  it  has  all  of  the  advantages  of  the  usual  methods  of 
teaching  but  also  because  it  makes  possible  a  supervision  of 
small  groups  of  students  during  the  period  devoted  to  study. 
It  is  upon  this  last  point  that  emphasis  should  be  placed. 
Lectures,  recitations,  and  quizzes  may  be  conducted  as  usual 
but  each  group  of  students  should  prepare  for  this  work  under 
the  direction  of  an  instructor. 

For  the  last  four  years  all  work  in  drawing  and  in  descrip- 
tive geometry  at  the  State  University  of  Iowa  has  been  con- 
ducted in  this  way.  Prior  to  that  time  instruction  was  given 
in  the  usual  way  with  two  laboratory  periods  for  problem 
work.  At  present  fifteen  actual  hours  are  required  to  be 
spent  under  the  direction  of  an  instructor.  When  the  change 
was  made  it  was  expected  that  more  students  would  be  able 
to  master  the  subject  of  descriptive  geometry.  While  this 
did  not  prove  to  be  true  it  was  clearly  demonstrated:  First, 
That  those  who  pass  the  subject  have  a  wider  knowledge  of 
descriptive  geometry.  Second,  That  those  who  fail  to  pass 
have  had  a  better  chance  to  pass  than  under  former  methods 
of  teaching. 

It  has  always  been  made  to  appear  that  the  great  advantage 
to  be  gained  by  this  method  of  teaching  is  that  it  makes  it 
possible  for  a  student  to  advance  through  a  subject  as  rapidly 
as  his  industry  and  ability  would  allow.  In  the  application 
of  this  method  of  teaching  descriptive  geometry  at  Iowa  this 
feature  has  always  been  of  minor  importance.  There  is  a 
stated  amount  of  work  which  each  student  must  perform  satis- 
factorily in  order  to  gain  credit  in  the  subject,  and  while 
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students  are  always  encouraged  to  work  and  advance  as 
rapidly  as  thoroughness  permits  it  is  never  with  the  ambition 
to  get  through  the  course  in  the  least  amount  of  time  but 
always  with  the  desire  to  get  over  the  maximum  amount  of 
ground. 

The  great  advantages  to  be  gained  by  teaching  by  this 
method  are :  First,  the  thoroughness  with  which  a  subject  may 
be  taught.  Second,  the  training  which  it  becomes  possible  to 
give  in  the  proper  methods  of  study  and  work.  Third,  the 
intimate  personal  contact  which  becomes  at  once  a  pleasure 
and  a  profit  to  both  students  and  instructor.  There  are  some 
disadvantages  also,  chief  among  which  is  the  difficulty  of 
making  a  program  when  so  many  hours  attendance  are  re- 
quired ;  and  also  the  difficulty  of  providing  enough  instructors 
when  so  much  time  is  required  for  a  single  class.  Certainly 
any  institution  which  attempted  to  teach  all  its  work  by  this 
method  would  find  four  years  too  short  a  time  for  a  normal 
course  in  engineering,  and  also  that  a  very  considerable  addi- 
tion to  its  teaching  staff  would  be  necessary.  It  is  the  general 
opinion  of  those  who  have  used  this  method  of  teaching  here 
that  it  is  most  effective ;  and  that  it  is  not  so  easy  for  the 
instructor  as  the  class-room  method. 

Professor  Robert  Fletcher  (by  letter)  :  The  session-year 
of  the  Thayer  School  of  Ci"^il  Engineering  does  not  extend 
through  all  of  the  calendar  months,  as  suggested  in  the  paper. 
During  the  first  twenty  years  of  its  history  the  six-year  period 
was  in  effect — engineering  course  of  two  years,  following  the 
degree  of  A.M.  or  B.S.,  earned  by  the  four-year  course  in 
college.  This  has  been  modified  during  the  last  twenty  years 
by  the  two-year  engineering  course  following  three  years  in 
college,  earning  B.S.  in  four  years  and  C.E.  in  five  years. 
Of  the  one  hundred  and  thirty-five  students  completing  the 
course  in  the  past  ten  years  exactly  twenty  per  cent,  have 
returned  to  take  the  fifth  year,  after  staying  out  in  practice 
from  one  to  four  years.  The  other  eighty  per  cent.,  who 
nearly  all  had  engineering  practice  during  the  summer  inter- 
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mission,  might  be  credited  with  an  all-year  session — in  so  far 
that  the  first  year  begins  -sv-ithin  three  weeks  of  the  close  of  their 
junior  year  in  college  and  continues  forty  weeks;  and  this  is 
followed  by  the  summer  work  period  of  eighteen  or  nineteen 
weeks,  which  is,  however,  entirely  apart  from  the  class-room 
instruction.  Since  the  total  membership  of  the  last  ten  classes 
was  nearly  two  hundred,  it  appears  that  more  than  two  thirds 
took  the  five-year  course.  It  is  sometimes  well  to  advise 
young  men  to  stay  out  a  year  so  as  to  gain  the  benefit  of 
practical  experience,  and  thus  a  better  appreciation,  both  of 
the  studies  previously  taken  and  those  which  are  offered  later. 
In  rare  cases  where  young  men  of  conspicuous  ability  are 
somewhat  mature  and  perhaps  have  had  some  little  previous 
experience  a  continuous  course  is  recommended. 

Concerning  the  matter  of  individual  instruction,  there 
cannot  be  two  opinions  as  regards  the  very  great  value  of 
close  personal  contact  between  teacher  and  taught.  Indeed 
personality  is  almost  the  governing  factor  in  the  most  effective 
instruction.  Such  close  contact  is  gained  when  the  classes 
are  small  and  the  instructor  is  willing  to  devote  himself  to  the 
duty  of  following  up  the  student  during  the  whole  progress  of 
the  subject  in  hand.  The  writer's  experience  has  been  limited 
to  classes  not  exceeding  twenty-four,  and  he  is  free  to  admit 
that  the  larger  number  is  not  satisfactory  even  \nih.  recita- 
tion periods  an  hour  and  a  half  long.  Ideally  about  fifteen 
is  as  many  as  one  instructor  can  lead  and  feel  confident  that 
he  understands  fully  each  student's  grasp  of  the  subject. 
This  close  personal  knowledge  of  each  man's  proficiency  is 
only  possible  by  rigid  adherence  to  the  policy  of  daily  recita- 
tions from  the  best  text-books;  by  the  constant  presence  of 
the  instructor  in  the  drafting  room  to  supervise  and  advise 
during  each  period  of  two  to  three  hours;  by  field  work  so 
conducted  that  each  party  of  four  or  five  is  under  the 
immediate  charge  of  a  professor  or  instructor;  by  laboratory 
work  either  under  the  immediate  guidance  of  the  instructor 
or  controlled  by  a  prescribed  program  on  which  reports  must 
30 
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be  rendered ;  and  by  lectures  only  sparingly  given  to  snpply 
matter  on  which  the  text-books  are  deficient  or  not  np  to 
date.  Other  means  found  effective  in  directing  and  following 
up  the  work  of  the  student  are  assignment  of  topics  on  which 
reports  must  be  made,  either  from  notes  or  from  written 
papers  read  before  the  entire  class  at  an  assigned  recitation 
period;  also  by  suitable  problem  work  in  those  subjects  in 
which  much  is  gained  by  the  solution  of  well  selected  practical 
problems. 

Dean  Kaymond  is  probably  somewhat  mistaken  in  suppos- 
ing that  his  suggestions  had  first  met  with  almost  universal 
derision.  On  the  part  of  the  writer,  and  probably  of  many 
others,  they  received  very  respectful  consideration.  The  very 
"logic  of  events"'  would  convince  any  thoughtful  person  that 
school  and  college  vacations  have  had  a  demoralizing  tendency ; 
having  promoted  unduly  the  vacation  habit.  People  who 
have  to  struggle  hard  to  earn  their  bread  and  butter,  and 
who  might  be  supposed  to  need  vacations  more  than  people 
of  more  leisurely  pursuits,  have  to  be  content  with  vacations 
of  two  or  three  weeks  in  the  course  of  a  year,  besides  an 
occasional  holiday.  School  teachers  and  scholars  certainly  do 
not,  for  any  physical  reasons,  need  two  or  three  months. 
Much  less  do  fairly  well  paid  professors  need  the  so-eaUed 
"sabbatical  year."  While  it  is  true  that  teachers  of  all 
grades  need  some  leisure  for  enlarging  their  horizon  and 
general  education  by  travel  and  a  wider  contact  with  the 
world,  yet  even  that  need  not  take  so  much  time ;  and  there  is 
now  beginning  to  dawn  upon  the  public  consciousness  a  sense 
of  the  folly  of  having  the  large  equipment  of  colleges,  univer- 
sities and  even  of  the  public  school  system  lie  idle  during 
several  weeks  or  months  of  the  year.  Undoubtedly  in  the  near 
future  very  much  more  continuous  use  will  have  to  be  made 
of  all  these  facilities  and  opportunities — whether  provided  at 
the  public  expense  or  by  private  munificence — than  has  been 
the  custom  hitherto.  It  is  proper  to  say  in  this  connection 
that  the  writer  has  generally  not  been  able  to  get  much  more 
than  a  month  durinar  the  entire  vear  when  he  was  entirelv 
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free  from  the  responsibilities  and  demands  of  the  institution 
in  which  he  has  taught  forty  years ;  although  there  have  been 
exceptions  in  a  few  instances. 

These  remarks  are  offered  at  this  time  quite  tentatively  with 
the  suggestion  that  the  subject  is  worthy  of  very  careful  con- 
sideration and  discussion  by  members  of  the  Society ;  so  that 
possibly  Dean  Raymond's  startling  proposals  of  ten  years  ago 
may  finally  result  in  a  much  more  effective  use  of  the  valuable 
"plants"  which  represent  such  a  very  large  amount  of  in- 
vested funds  which  should  be  more  continuously  productive 
of  the  best  fruits  in  technical  and  general  education. 


THE  TECHNICAL  GRADUATE  FROM  THE  POINT 
OF  VIEW  OF  THE  MANUFACTURER. 

BY    ME.    E.    B.    EAYMOXD, 
"Tiee-president  of  the  Pittsburgh  Plate  Glass  Company. 

I  make  these  few  remarks  on  this  subject  realizing  folly 
my  lack  of  experience  in  teaching.  I  do  not  pretend,  there- 
fore, to  be  competent  to  offer  suggestions  for  improving  exist- 
ing methods.  What  I  say,  however,  is  based  on  an  intimate 
business  association  over  a  long  period  with  graduates  of  the 
colleges  in  this  and  other  countries, — somewhat  over  two 
thousand  men  in  aU. 

Four  of  the  important  characteristics  in  a  young  man  are 
character,  health,  ambition  and  specific  training  in  line  with 
the  work  to  be  followed.  I  presume  inheritance  and  home 
influence  have  the  most  to  do  with  the  first  three,  although 
undoubtedly  the  college  has  a  tremendous  infiuence,  too, 
though  not  as  much  as  with  the  last  one. 

To  me,  it  seems  absurd  to  expect  a  college  in  four  years  to 
turn  out  men  freed  from  their  natural  weaknesses,  when  one 
considers  the  quality  of  the  average  human  being  who  enters. 
It  is  impossible  to  produce,  during  four  years,  a  technically- 
trained  man  with  all  the  practical  experiences  that  are  essen- 
tial for  the  proper  assumption  of  authority  in  actual  life. 
The  average  boy  who  enters  a  coUege  requires  tremendous 
development.  It  has  been  my  experience  that  perhaps  ten  to 
fifteen  per  cent,  of  the  graduates  are  of  the  highest  class, 
embodying  all  that  one  could  reasonably  expect.  About 
sixty  per  cent,  of  the  men  can  be  used  for  various  positions 
and  thirty  to  forty  per  cent,  are  unsuitable.  Considering 
humanity  as  we  see  it,  these  figures  are  perhaps  better  than 
one  might  think.  Presumably  one  of  the  vital  questions 
under  consideration  constantly  is  how  to  improve  the  output. 
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•Possibly-  it  would  pay  to  cite  the  undesirable  characteristics 
which  have  been  forced  on  my  notice,  that  seriously  interfere 
with  the  efficiency  so  generally  desired. 

One  of  these  is  laziness,  a  desire  to  get  along  comfortably, 
freed  from  as  much  mental  or  physical  exertion  as  possible. 
It  is  hard  for  me  to  say  what  the  college  can  do  to  alter  this. 
If  such  men  are  dropped,  the  quality  of  the  graduate  will 
naturally  improve.  On  the  other  hand,  those  dropped  would 
lose  the  training  and  its  help.  From  the  point  of  view  of 
efficiency  of  the  graduate,  such  men  should  properly  not 
receive  a  certificate. 

Perhaps  somewhat  allied  to  the  above,  is  the  fact  that 
many  men  are  not  willing  to  learn  the  practical  end  of  the 
business  they  are  entering.  They  are  often  unduly  impressed 
with  the  immediate  value  of  their  education,  and  do  not 
realize  at  all  their  unfitness  for  responsibility,  and  are  not 
willing  to  make  the  sacrifice  of  time  and  comfort  to  complete 
their  training.  I  have  found  this  sometimes  true  of  the  best 
of  men.  Without  this  experience,  which  they  lack,  they  go 
on  for  a  while,  but  the  handicap  eventually  holds  them  in 
inferior  positions,  and  they  never,  probably,  know  why  other 
men  get  the  responsible  positions,  even  without  the  complete 
technical  training  they  themselves  possess.  The  college 
would  help  if  it  could  teach  this  feature  and  accentuate  it  by 
requiring  during  the  summer  vacations  practical  work  in 
practical  manufacturing  institutions.  I  am  quite  certain 
that  what  I  cite  cannot  be  learned  in  a  college  workshop, 
although  I  am  not  prepared  to  state  that  these  are  not  of 
value.  It  is  possible  that  the  possession  of  a  few  teachers 
who  themselves  have  been  successful  practical  men,  with 
manufacturing  responsibilities,  would  help. 

Somewhat  allied  to  the  above,  is  the  characteristic  very 
positively  noted  with  graduates,  which  is  a  remarkable  lack 
of  ability  to  assume  responsibility,  or  even  to  carry  out  care- 
fully instructions  received.  In  other  words,  they  cannot  be 
trusted.  There  is  a  lack  of  seriousness  in  their  point  of  view. 
They  apparently  do  not  know  that  a  small  duty  well  done 
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has  in  it  all  the  virtue  of  a  big  duty.  I  believe  the  college  is 
partly  responsible  for  this  condition.  During  the  course,  the 
percentage  of  "good  time"  is  perhaps  too  great.  The  view 
of  the  college  life  might  properly  look  more  like  the  view  of 
the  business  office.  It  is  my  feeling  that  the  college  with  a 
minimum  amount  of  "college  life,"  as  generally  interpreted, 
and  a  maximum  of  "office  atmosphere,"  produces  the  best 
material.  I  do  not  believe  in  college  life  as  popularly  inter- 
preted, and  would  cut  it  down  to  a  minimum,  replacing  with 
"office  spirit." 

Another  feature  that  is  noticeable  in  graduates,  is  the  lack 
of  ability  to  become  a  part  of  the  working  man's  life,  and  to 
get  his  point  of  view,  and  thus  be  able  to  properly  guide  him 
later  on.  This  property  is  an  important  part  of  the  practical 
training,  spoken  of  previously.  Often  men  will  get  one  part 
without  the  other.  Some  men  by  nature,  can  never  get  it; 
others  can  if  they  appreciate  the  need.  Possibly  the  average 
young  man  has  never  had  this  subject  properly  presented  to 
him.  Perhaps  a  short  course  in  the  senior  year  on  subse- 
quent and  necessary  training  to  complete  the  college  course, 
would  be  worth  while.  Such  a  course  to  be  given  by  an  out- 
sider of  special  breadth  of  experience. 

Another  matter  that  is  not  properly  impressed  upon  all 
graduates  is  the  fact  that  what  they  have  learned  is  but  a 
small  part  of  what  is  necessary  for  their  profession,  and  that 
regular  study  must  be  kept  up.  I  have  found  that  the  aver- 
age student  ceases  to  study  for  several  years  after  graduation. 
This  tends  to  make  him  forget  what  he  has  learned  and  does 
not  keep  him  up  with  his  profession. 

Another  duty  that  the  college  does  not  always  fulfill  is  the 
preventing  of  men  from  taking  up  a  profession  for  which 
they  are  by  nature  entirely  unsuited.  I  think  the  college 
could  do  better  in  this.  The  average  young  man  does  not 
know  for  what  he  is  best  suited.  I  have  found  this  true  of  the 
average  graduate,  let  alone  the  boy  entering  college.  To 
me,  it  is  not  fair  to  the  boy  to  leave  it  to  him.  It  disturbs  me 
to  hear  a  parent  say  that  the  choice  of  life  work  is  to  be  left 
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with  the  boy.  He  is  incapable  of  judging,  with  his  lack  of 
knowledge  of  life's  requirements,  of  his  own  possibilities. 
Perhaps  a  college  could  have  a  committee  to  advise  parents 
on  this  subject ;  or  at  all  events,  to  go  on  record  on  the  matter, 
weighing  all  the  facts;  the  father's  business,  his  circum- 
stances, the  boy's  own  view,  and  make-up.  Perhaps  a  broad 
gauged  practical  outsider  or  two  would  be  of  advantage  on 
such  a  committee. 

Finally,  and  particularly,  the  graduates  are  not  thoroughly 
trained  in  all  the  branches  they  have  taken  up.  In  general, 
there  is  not  sufficient  thoroughness  in  such  essentials  as 
mathematics,  mechanics,  and  physics.  The  foreign  colleges 
of  Sweden,  Germany  and  England,  judging  by  the  graduates 
with  whom  I  have  dealt,  do  better.  It  is  possible  that  we  try 
to  teach  too  much,  and  therefore  a  great  deal  becomes  im- 
perfect. Perhaps  the  only  solution  is  to  drop  some  of  the 
courses  and  be  more  thorough  with  those  that  are  left.  From 
the  point  of  view  of  the  young  man  who  wants  a  general  view 
of  the  studies  of  the  world,  or  to  know  in  a  superficial  way, 
what  are  the  problems  and  records  of  the  world,  this  would 
be  a  restriction.  His  interest  would  be  stimulated  in  fewer 
directions,  and  he  would  be  in  a  sense,  narrower;  but  from 
the  point  of  view  of  efficiency  in  the  line  he  has  chosen  to  fit 
himself  to  make  the  best  fight,  I  would  urge  a  great  deal 
more  thoroughness,  more  depth,  and  less  width  if  necessary, 
to  accomplish  this.  In  saying  this,  I  appreciate  the  many 
disadvantages,  but  for  the  purpose  in  view,  I  do  not  see  how 
it  can  be  avoided.  The  line  of  study  which  is  omitted  must 
be  taken  up  by  the  man  himself  at  a  later  time. 

I  hope  it  is  not  true  that  there  is  a  desire  in  our  colleges 
to  be  the  largest,  with  the  largest  list  of  subjects  taught,  and 
the  greatest  publicity  through  athletics,  etc.  I  hope  nothing 
exists  due  to  the  spirit  of  the  times  which  is  causing  a  de- 
parture from  quiet,  earnest,  business-like  conduct  along 
definite  lines  for  a  definite  purpose.  It  is  not  proper  to 
criticise  without  proper  facts  at  hand;  but,  the  thought  has 
occurred  to  me,  that  it  is  possible  that  harm  is  being  done  in 
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some  cases  from  this  cause.  I  do  not  wish  to  be  interpreted 
as  not  being  fully  appreciative  of  the  great  value  being  done 
to  this  country  by  our  colleges.  Many  a  man  owes  his  posi- 
tion, his  happiness,  and  his  faith  in  himself  to  his  college 
influence.  The  college-trained  man  is  essential  for  progres- 
sive organizations.  Undoubtedly  the  large  group  of  rare 
men  who  are  studying  this  problem  are  guiding  it  in  the  cor- 
rect general  direction.  It  must  be  an  inspiration  to  know 
what  is  generally  admitted,  that  at  present,  there  are  more 
positions  for  the  right  type  of  properly  trained  coUege  men, 
than  there  are  men  to  fill  them. 


ADAPTING  TECHNICAL  GRADUATES  TO  THE 
INDUSTRIES. 

BY  C.  F.   SCOTT  and  C.  E.   DOOLEY, 
Pittsburgh,  Pa. 

The  Westinghouse  Electric  and  Manufacturing  Company 
has  recently  modified  its  two-year  course  for  technical  gradu- 
ates* principally  by  supplementing  factory  and  testing-room 
experience  with  class-room  instruction  and  by  specializing 
the  training  in  the  latter  part  of  the  course,  adapting  it  to 
the  particular  work  which  is  to  be  followed  later.  The  pres- 
ent paper  outlines  the  conditions  and  the  reasons  which  have 
led  to  the  change  and  describes  the  general  methods  which 
are  being  followed. 

A  large  step  in  engineering  education  was  taken  ten  or 
fifteen  years  ago  when  it  was  recognized  by  the  industries 

*  In  addition  to  the  course  for  technical  graduates,  the  following  edu- 
cational activities  are  carried  on  in  connection  with  the  Westinghouse 
Electric  and  Manufacturing  Company,  at  East  Pittsburgh,  Pa. 

1.  A  Trades  Apprenticeship  Course  in  which  boys  with  ordinary 
public  school  training  enter  a  four-year  course,  the  purpose  of  which  is 
to  train  them  as  skilled  mechanics.  They  enter  an  instruction  shop  and 
are  afterwards  transferred  to  the  regular  departments  where  they  are 
still  under  the  supervision  of  the  educational  department.  Each  appren- 
tice attends  a  drawing  class  two  hours  per  week,  and  a  class  for  general 
instruction,  which  deals  with  shop  problems  and  elementary  mechanics, 
for  two  hours  a  week.  This  instruction  is  given  during  regular  working 
hours  and  the  regular  rates  of  compensation  are  paid.  There  are  214 
apprentices  in  this  course  at  present. 

S.  The  Casino  Technical  Night  School,  having  a  regular  four-year 
course.  School  sessions  are  held  three  evenings  per  week  from  Septem- 
ber to  June.  The  majority  of  the  students  come  from  the  works  of  the 
Electric  Company,  although  attendance  is  open  to  any  one.  A  small 
tuition  fee  is  charged.  The  teachers  are  principally  engineers  most  of 
whom  are  connected  with  the  Electric  Company.  There  is  also  a  de- 
partment for  young  women.  The  enrollment  last  year  was  approxi- 
mately 500,  and  there  are  about  40  in  the  faculty. 
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that  the  education  of  the  engineering  schools  should  be  fol- 
lowed by  specific  practical  training,  and  suitable  shop  courses 
were  inaugurated  for  bringing  young  graduates  into  active 
contact  with  the  apparatus  and  the  methods  of  manufacture. 
For  many  years  the  Electric  Company  has  received  annually 
several  hundred  graduates.  They  have  been  regularly  em- 
ployed in  factory,  testing  room,  engineering  department,  and 
the  various  commercial  departments. 

In  this  graduate  student  course  the  men  were  formerly 
transferred  from  department  to  department  and  were  ex- 
pected by  contact  with  their  work,  to  acquire  a  knowledge  of 
the  construction  and  use  of  electrical  apparatus  and  of  busi- 
ness methods.  Supplementing  the  regular  daily  work,  an 
evening  lecture  course  was  conducted  during  one  season  ten 
years  ago.  This  was  followed  by  the  organization  of  a  club 
with  facilities  for  lectures,  technical  meetings  and  social  ac- 
ti\aties.  However,  little  was  done  in  the  way  of  systematic 
instruction  bearing  directly  upon  factory  and  office  work. 
While  much  can  be  said  in  favor  of  a  "  sink  or  swim  "  policy 
and  the  value  of  learning  things  by  personal  observation  and 
experience,  the  conclusion  has  been  reached  that  better  re- 
sults, on  the  whole,  will  follow  a  modification  of  this  former 
method,  which  is  open  to  improvement  for  several  reasons: 

1.  Electrical  apparatus  is  now  of  so  many  kinds  and  has 
become  so  specialized  that  ordinary  shop  work  is  no  longer  a 
sufficient  means  of  instruction.  Furthermore,  a  fuUer  knowl- 
edge concerning  the  details  of  construction  and  the  principles 
of  operation  is  now  essential  to  the  designing  engineer  and 
the  application  engineer  than  was  formerly  necessary. 

2.  Factory  work  by  a  beginner  is  apt  to  be  inefficient  from 
the  standpoint  of  the  employer  and  the  ordinary  young  man 
has  difficulty  in  observing  and  in  learning  what  he  should  do. 
The  transition  from  the  prescribed  lessons  and  personal 
supervision  of  the  school  life  is  too  abrupt. 

3.  The  point  of  view  is  apt  to  be  that  of  the  workman  who 
knows  only  of  the  construction  of  the  coil  he  winds,  or  the 
arc  lamp  he  assembles,  without  appreciating  why  the  appara- 
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tus  is  made  as  it  is,  in  order  that  it  may  be  reliable,  durable 
and  efficient.  He  may  learn  what  it  is  without  learning  why ; 
he  may  miss  entirely  the  ideas  of  the  electrical  and  mechani- 
cal designers  which  are  embodied. 

4.  The  time  available  in  the  factory  is  too  short  to  enable 
one  to  cover  the  whole  ground  thoroughly,  hence  factory  ex- 
perience is  ordinarily  limited  to  a  few  departments  and  a  few 
kinds  of  apparatus.  The  course  must  cover  but  few  depart- 
ments if  it  is  to  be  thorough,  while  if  it  endeavors  to  cover  all 
departments  uniformly  and  comprehensively,  it  becomes  too 
superficial. 

To  meet  these  modern  conditions,  a  new  method  of  train- 
ing has  been  inaugurated  for  the  graduates  who  are  now 
entering  the  course.  The  following  presents  a  general  outline 
of  the  plan  and  policy  which  have  been  carried  out: 

1.  The  course  is  divided  into  two  periods.  The  first  is 
given  to  general  training  in  the  factory  and  testing  depart- 
ment, while  the  second,  is  special,  fitting  men  for  the  engi- 
neering, sales  or  other  departments. 

2.  In  the  first  period,  the  work  in  the  factory  and  testing 
room  is,  in  the  main,  confined  to  a  few  departments,  where 
the  essentials  of  winding,  assembling  and  testing  occupy  most 
of  the  time  and  in  which  a  reasonable  degree  of  proficiency 
is  required.  Each  man  enters  one  of  the  general  depart- 
ments of  the  factory ;  such  as  the  railway  and  control  depart- 
ments, where  railway  motors,  locomotives  and  controllers  are 
made;  or  the  industrial  department,  where  small  motors  and 
controllers  are  produced;  or  the  power  department,  where 
large  generators  and  motors  are  manufactured.  Each  of 
these  departments  is  essentially  an  independent  factory, 
carrying  on  complete  manufacturing  and  testing  operations. 

3.  Supplementing  the  factory  organization,  there  are 
supervisors  who  assist  the  foremen  in  making  the  work  of  the 
graduates  effective  in  the  regular  manufacture  of  the  com- 
pany's product,  and  at  the  same  time  aid  the  young  men  in 
acquiring  useful  knowledge  and  experience.  The  shop  work 
is  of  a  practical,  serious  sort  in  which  the  young  men  learn 
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to  be  workers  and  producers  and  develop  a  sense  of  service 
and  of  vital  responsibility. 

4.  Supplementing  the  work  in  the  factory  and  testing  de- 
partment, a  course  of  technical  instruction  has  been  started 
which  comprises  attendance  at  class-room  meetings  during 
working  hours,  for  approximately  four  hours  per  week,  dur- 
ing which  time  the  regular  rates  of  compensation  are  paid. 
Also  the  equivalent  of  at  least  six  hours  per  week  outside  of 
the  regular  working  hours,  is  required  to  be  devoted  to 
assigned  reading,  study  or  technical  meetings.  This  technical 
instruction  relates  particularly  to  the  construction  and  oper- 
ation of  the  apparatus  and  it  directly  supplements  the  work 
in  the  factory.  It  is  proposed  that  the  men  who  are  working 
on  a  particular  kind  of  apparatus  will  have  an  instruction 
period  devoted  to  it  each  week.  Instruction  books  or  appro- 
priate articles  may  be  assigned  for  reading,  a  list  of  questions 
may  be  given  to  the  students  beforehand,  and  in  the  class- 
room there  may  be  questions,  general  discussion  or  talks  by 
the  company's  experts.  For  example,  on  a  certain  day  those 
who  are  winding  coils,  will  meet  in  the  class-room  and  under 
the  guidance  of  an  instructor,  will  consider  the  types  and 
forms  of  coils,  the  various  methods  of  forming  odd-shaped 
coils,  the  characteristics  of  the  insulating  materials  and  meth- 
ods of  applying  them,  the  insulation  required  on  coils  of  dif- 
ferent sizes  and  for  different  purposes,  the  methods  of  splic- 
ing wires  and  copper  strap,  the  machine-winding  and  hand- 
winding  of  coils,  also  the  cost  of  the  materials  and  labor.  The 
more  purely  engineering  features,  as  the  ventilation,  carrying 
capacity,  eddy  currents  and  the  like,  "will  receive  only  sec- 
ondary consideration  at  this  time. 

5.  General  instruction  regarding  the  various  types  of  ap- 
paratus supplements  that  relating  specifically  to  the  factory 
or  testing  room  work  upon  which  the  men  are  immediately 
engaged.  Thus,  comprehensive  acquaintance  with  all  types 
of  apparatus  is  gained  through  reading,  discussions  and  lec- 
tures, accompanied  by  visits  of  inspection  to  the  various 
departments  of  the  works.     The  young  men  will  be  called 
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upon  to  observe  for  themselves,  and  to  make  written  and  oral 
reports.    For  this  purpose  evening  meetings  are  held. 

6.  At  the  beginning  of  the  second  period  of  the  course,  the 
young  men  take  up  the  special  training  for  the  engineering, 
sales  or  other  departments.  The  experience  in  the  first  period 
places  both  the  young  men  and  the  company  in  a  position  to 
make  an  intelligent  selection  of  the  departments  for  which 
they  are  best  fitted. 

7.  The  several  departments  have  direct  supervision  of  their 
respective  training  courses.  In  some  cases  the  work  continues 
in  the  factory  and  the  testing  department  along  particular 
assigned  lines.  In  other  cases,  regular  work,  under  proper 
supervision,  is  done  in  the  engineering,  sales  or  other  depart- 
ments, while,  in  still  other  cases,  a  portion  or  all  of  the  time 
may  be  devoted  to  special  study  and  class  room  exercises. 

8.  The  sales  department  has  been  conducting,  during  the 
past  year  and  a  half,  a  commercial  training  department  for 
the  engineering  graduates  who  are  completing  their  courses 
and  are  to  become  salesmen.  These  young  men  study  the 
company's  publications;  they  answer  specially  prepared 
questions  on  the  construction  and  application  of  the  various 
kinds  of  apparatus;  they  give  special  attention  to  the  engi- 
neering and  commercial  features  in  the  application  and  use 
of  electric  motors  as  applied  to  different  industries;  they  be- 
come familiar  with  the  details  of  the  system  by  which  the 
company  conducts  its  business;  and  they  make  a  study  of 
scientific  salesmanship.  Part  of  this  work  is  under  special 
instructors,  and  part  is  under  the  supervision  of  leaders 
selected  from  the  class.  In  the  study  of  apparatus,  frequent 
trips  are  made  to  the  factory  and  smaller  apparatus  is 
brought  to  the  class-room.  Sales  demonstrations  in  which 
students  endeavor  to  sell  arc  lamps,  meters,  or  motors  to  other 
students  or  to  engineers  or  salesmen,  are  fruitful  methods  of 
testing  a  man's  technical  knowledge,  his  resourcefulness  and 
the  force  of  his  personality.  At  the  close  there  is  review  and 
criticism  by  the  class  and  the  experts. 

9.  The  engineering  department  is  actively  maturing  plans 
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for  training  men  for  its  work  which  will  combine  experience 
in  factorv  and  in  the  engineering  department  in  a  way  most 
effectively  to  train  men  as  designing  engineers. 

10.  In  addition  to  the  above,  during  the  second  period,  par- 
ticular courses  will  also  fit  men  for  the  manufacturing,  the 
testing  and  the  erecting  departments, 

11.  The  instrnctors  who  have  immediate  charge  of  the  vari- 
ous departments  of  the  training  course  are  specially  fitted 
by  education,  erperience  and  temperament.  Most  of  them  are 
technical  graduates,  who  have  taken  the  apprenticeship  course 
and  have  had  several  years  of  practical  work.  They  have  at 
hand  for  guidance  and  counsel  the  various  officers  and  engi- 
neers of  the  company  and,  when  needed,  they  can  call  upon 
them  and  the  experts  and  specialists  in  various  departments 
for  assistance  in  the  educational  work  which  they  are  direct- 
ing. This  will  bring  the  new  men  into  contact  with  the  older 
men  of  the  company. 

12.  The  Westinghouse  Club,  formerly  The  Electric  Club, 
which  has  just  closed  its  first  year  in  new  quarters  continues 
to  contribute  to  the  welfare  of  the  graduate  students.  Dur- 
ing the  past  year  there  has  been  a  weekly  course  of  high  grade 
lectures  on  general  topics.  There  have  been  seventeen  techni- 
cal sections,  each  meeting  every  two  weeks,  and  each  dealing 
with  some  type  of  apparatus  or  its  application  or  some  phase 
of  the  company's  organization.  The  older  engineers  have 
taken  an  active  part,  in  these  meetings.  Excursions  by  the 
young  men  in  a  number  of  groups  have  been  made  to  a  score 
of  industries  in  and  about  Pittsburgh. 

The  club  provides  a  convenient  social  headquarters  for  the 
young  men.  There  are  a  dozen  rooms  for  reading,  writing, 
general  gatherings  and  amusements,  as  well  as  lectures  and 
formal  meetings.  There  is  also  a  large  and  well  equipped 
gymnasium  which  contributes  to  the  physical  welfare  and 
athletic  enthusiasm  of  the  members.  The  dues,  for  those  on 
the  graduate  course,  including  the  gymnasium  and  The  Elec- 
tric Journal,  published  monthly  by  the  club,  are  $7  per  year. 
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The  club  activities  are  managed  by  young  men  who  find  this 
an  excellent  means  of  getting  into  close  contact  with  their 
fellows  and  of  showing  their  aptitude  for  organization  and 
management. 

13.  Underlying  the  purely  technical  knowledge  and  experi- 
ence which  nominally  form  the  principal  content  of  the  train- 
ing course,  there  is  the  even  more  important  purpose  of  de- 
veloping men.  As  the  electrical  industry  increases  and  more 
exacting  requirements  are  placed  upon  electrical  apparatus, 
which  is  taking  a  larger  and  more  responsible  part  in  the 
doing  of  the  world's  work,  there  is  demand  for  greater  ability 
on  the  part  of  the  engineers  and  managers  who  have  to  do 
with  the  production  and  operation  of  apparatus  and  the 
direction  and  management  of  manufacturing  and  operating 
companies.  Many  of  those  who  now  hold  responsible  posi- 
tions in  the  various  departments  of  such  companies  or  as  con- 
sulting engineers,  have  gained  an  important  part  of  their 
experience  in  the  training  courses  of  manufacturing  com- 
panies. It  is  the  aim  in  the  plans  which  have  been  outlined  in 
this  paper  to  keep  pace  with  the  new  conditions  and  to  pre- 
pare men  for  the  larger  duties  and  larger  responsibilities 
which  they  will  face  in  the  future  as  engineers  and  as  men. 
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An  educational  institution  resembles,  in  some  respects,  a 
manufacturing  concern.  The  manufacturing  concern  is,  how- 
ever, usually  operated  to  produce  a  maximum  output  at  a 
minimum  cost,  while  the  educational  institution  should  aim 
for  a  small  number  of  exceptional  graduates  almost  irrespec- 
tive of  cost.  The  goods  produced  must  be  of  such  design, 
finish,  material,  etc.,  as  to  satisfy  its  patrons;  likewise,  the 
graduates  of  educational  institutions  must  meet  the  require- 
ments of  the  concerns  which  are  to  employ  them.  The  unde- 
sirability  of  the  output  of  a  factory  may  be  caused  by  poor 
material,  poor  workmanship  or  poor  design.  The  cost  may 
be  greatly  enhanced  by  antiquated  methods  of  production. 
The  inefficiency  of  a  graduate  (and  I  apply  the  word  "ineffi- 
ciency" to  include  all  the  undesirable  characteristics)  may  be 
caused  by  poor  material,  due  largely  to  improper  preparation 
of  the  student  at  entrance  to  the  college  or  to  poor  instruction, 
poor  teachers  or  antiquated  and  improperly-correlated  courses. 

The  establishment  of  apprenticeship  courses  for  engineer- 
ing graduates  in  such  concerns  as  the  Westinghouse  Electric 
and  Manufacturing  Company,  and  in  fact  in  nearly  all  fair- 
sized  manufacturing  concerns,  is  an  acknowledgment  by  these 
concerns  that  the  output  of  our  engineering  schools  is  unsatis- 
factory. If  now  a  certain  amount  of  the  work  required  by 
these  concerns  after  graduation  can  be  done  before,  it  is  at 
once  evident  that  the  graduate  will  more  nearly  meet  the 
requirements  of  his  employers.  It  is  the  purpose  of  this  paper 
to  describe  the  system  adopted  by  the  School  of  Engineering 
of  the  University  of  Pittsburgh  by  means  of  which  its  gradu- 
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ates  in  the  future  will  be  better  prepared  to  enter  upon  their 
work  as  engineers. 

The  adoption  of  a  co-operative  system,  I  believe,  is  a  logical 
development  of  engineering  education  in  the  United  States. 
When  engineering  schools  were  first  established  they  were 
really  schools  of  pure  science.  These  proving  unsatisfactory, 
as  judged  by  the  output,  shops  were  taken  into  the  schools 
and  shop-work  made  a  part  of  the  curriculum.  Now  shop- 
work  is,  and  probably  always  will  be,  an  important  agent  for 
training  the  hand  and  eye.  But  when  a  school  shop  attempts 
to  represent  actual  commercial  conditions  it  is  a  total  failure. 
The  next  step  was  to  take  the  student  to  the  shop,  and  at  the 
same  time  to  retain  and  add  to  those  portions  of  the  shop- 
work  in  school  which  have  produced  satisfactory  results. 

Because  of  the  remarkable  industrial  environment  of  this 
school,  it  is  especially  well  situated  to  apply  the  cooperative 
principle  to  the  education  of  young  men  who  are  preparing 
to  enter  the  engineering  industries.  The  plan  adopted  is  as 
follows : 

The  school  year  is  divided  into  four  terms  of  twelve  weeks 
each,  including  the  summer  term.  The  freshman  enters  at 
the  beginning  of  the  fall  term  and  remains  in  school  during 
the  whole  of  his  freshman  year.  During  the  sophomore  and 
junior  years  he  spends  one  half  of  his  time  in  the  shop  and 
one  half  in  school,  interchanging  every  three  months.  His 
entire  senior  year  is  spent  in  school. 

"We  hope  to  accomplish  three  things  by  keeping  the  fresh- 
men and  seniors  in  school : 

1.  By  means  of  lectures  given  by  practicing  engineers, 
visits  of  inspection,  consultation,  etc.,  the  freshman  obtain  a 
fairly  clear  idea  of  the  work  expected  of  an  engineer,  and  is 
better  able  to  decide,  not  only  whether  or  not  he  wishes  to 
become  an  engineer,  but  also  what  kind  of  engineering  work 
he  wishes  to  pursue. 

2.  The  faculty  becomes  acquainted  with  the  students  and 
consequently  can  eliminate  the  undesirable  ones  and  at  the 
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same  time  turn  over  to  the  mamifaeturer  only  those  whom 
they  think  will  make  a  success  in  engineering  work. 

3.  The  work  of  the  senior  year  can  be  based  not  only  upon 
the  usual  amount  of  theoretical  and  laboratory  work,  but 
also  upon  a  year  of  practical  work.  It  is  evident  that  this 
arrangement  will  help  the  senior  by  making  his  work  more 
interesting,  giving  him  a  better  grasp  of  the  subject,  and  in- 
creasing his  interest  in  such  subjects  as  economics,  etc. 

The  school  work  under  this  plan  consists  of  128  weeks, 
which  is  S  weeks  longer  than  the  course  at  the  Massachusetts 
Institute  of  Technology.  In  addition  to  this,  the  student  has 
twelve  months  of  practical  work  in  the  space  of  four  years. 
The  school  work  is  so  arranged  that  successive  groups  of  stu- 
dents furnish  continuous  service  to  the  employer. 

The  work  is  conducted  under  actual  commercial  conditions. 
Thoroughly  practical  knowledge  can  be  had  only  by  actual 
work  in  the  engineering  industries  and  should  be  required 
as  early  as  possible.  Working  side  by  side  with  other  em- 
ployees, students  get  an  insight  into  labor  conditions.  De- 
tailed observations  of  engineering  work  and  the  conduct  of 
business,  from  the  productive  point  of  view,  gained  in  the 
students'  formative  years,  is  an  invaluable  addition  to  knowl- 
edge gained  from  text-books  and  instructors.  Although  the 
university  has  made  special  arrangements  with  local  indus- 
trial concerns  and  will  co-operate  with  these  concerns,  in  all 
possible  ways,  for  the  benefit  of  its  engineering  students, 
students  are  regarded  as  direct  employees  of  the  concerns. 
They  serve  for  six  working  days  each  week,  receive  the  pay 
of  workingmen  doing  the  same  class  of  work,  are  required  to 
observe  the  regulations  of  the  company,  and  are  subject  to 
existing  labor  conditions  and  laws,  including  those  pertaining 
to  liability  for  accidents.  This  industrial  practice  is  arranged, 
so  far  as  feasible,  to  provide  every  student  with  an  opportunity 
of  working  in  the  branch  of  engineering  in  which  he  is  espe- 
cially interested. 

Each  student  reports  to  the  proper  instructor  one  evening 
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of  each  alternate  week,  for  discussion  of  his  practical  work; 
at  the  end  of  the  term,  on  presentation  of  a  written  report 
of  his  work  and  observations,  he  receives  twentj-  credits. 

Mr.  S.  !M.  Kintner,  general  manager  for  the  National  Elec- 
tric Signaling  Company,  gives  the  manufacturer's  point  of 
view  of  the  plan  in  the  following  paragraphs : 

"To  him  it  is  a  strictly  business  proposition.  He  does  not 
undertake  it  from  any  motive  of  philanthropy.  He  expects  a 
fair  return  in  labor  for  the  money  that  he  expends.  He  does 
not  expect  to  have  the  general  discipline  of  his  force  inter- 
fered with  and  cannot,  therefore,  grant  any  special  pri%-ileges. 
He  offers  the  student  an  opportunity  to  see  and  study  his 
works  and  methods  wliile  carrying  on  certain  duties  to  which 
he  has  been  assigned.  He  realizes  that  there  will  be  a  certain 
advertising  feature,  as  the  students  will  know  of  his  product, 
will  talk  about  it  and  possibly  be  instrumental  in  making  sales 
of  it  as  they  go  out  into  actual  engineering  work  upon  the 
completion  of  their  course. 

"The  manufacturer  sees  still  another  advantage  for  him- 
self in  the  plan — it  puts  him  in  touch  with  a  number  of 
young  men  who  are  just  starting  their  training  for  lines  of 
work  in  which  he  is  interested  as  an  employer.  He  is  afforded 
an  opportunity  of  looking  over  these  men  and  picking  out 
such  of  them  as  appear  particularly  good.  He  can  then  sug- 
gest certain  lines  of  training  that  will  fit  them  for  his  require- 
ments, and  he,  in  this  way,  has  a  chance  of  training  up  picked 
men  for  his  force  without  expense  to  his  company. ' ' 

From  the  student's  point  of  view,  we  hope  to  accomplish 
several  things: 

1.  We  believe  that  under  the  old  system  many  students  be- 
came engineers  who  would  have  made  better  preachers  or 
lawyers.  It  seems  fair  to  assume  that  if  a  man  has  had  one 
or  two  practice  periods  in  the  shop  or  in  field  work,  he  will 
know  for  a  certainty  whether  or  not  he  is  fitted  to  take  up 
engineering  work.  If  he  does  not  know,  his  employer  un- 
doubtedly will. 
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2.  He  will  come  into  contact  with  the  ordinary  laboring 
man,  and  vrill  be  afforded  an  excellent  object  lesson  of  the 
relative  value  of  muscle  and  brains.  It  will  undoubtedly  lead 
him  to  a  wholesome  respect  for  labor  and  tend  to  give  him 
a  higher  estimate  of  the  value  of  brain  training.  He  will  be 
in  a  much  better  position  to  handle  workmen  later  in  life  from 
his  knowledge  of  the  workman's  ideas  of  his  duties  to  his 
employer,  etc. 

3.  In  his  university  course  everything  is  done  for  him;  in 
his  practice  work  he  will  find  that  he  is  doing  things  for  every- 
body. He  will  find  that  seven  o'clock  means  seven  o'clock; 
and  the  discipline  he  gains  by  constant,  regular  and  perisitent 
work  will  be  of  great  value  to  him. 

4.  He  will  have  an  opportunity  to  study  manufacturing 
concerns  and  organizations  in  their  dealing  with  employees, 
in  their  methods  of  transmitting  orders  or  technical  informa- 
tion, in  their  methods  of  keeping  records  of  their  tools,  ma- 
terials, and  finished  product,  in  their  method  of  keeping  the 
time  of  the  men  and  paying  them. 

5.  He  will  make  acquaintances  and  form  friendships  that 
wiU  later  be  of  great  value  to  him  in  securing  positions,  in 
obtaining  advice,  etc.  He  will  have  a  chance  to  "make  good." 
Many  men  in  school  decide  that  they  will  go  through  school 
in  the  easiest  possible  way  wdth  the  determination  that  as 
soon  as  they  finish  their  course  they  will  turn  over  a  new  leaf 
and  make  a  fine  record.  The  co-operative  work  will  undoubt- 
edly cause  them  to  make  good  resolutions  much  earlier  in 
life  because  the  university  will  not  retain  students  in  the 
school  of  engineering  who  fail  in  their  co-operative  work, 

6.  Familiarity  wdth  actual  engineering  conditions  will  give 
the  student  confidence  and  a  broader  view  of  things.  He 
will  be  able  to  secure  more  information  from  his  instructors, 
and  will  be  able  to  enter  into  class  discussions. 

I  might  mention  a  great  many  other  ways  in  which  the 
students  will  be  benefitted  by  this  co-operative  work  as  for 
instance,  the  pay  he  receives,  his  ability  to  do  things,  his 
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independence  as  a  wage  earner,  regular  habits  of  study  and 
work,  increased  efficiency,  opportunities  of  employment  upon 
completion  of  his  course,  etc.,  but  it  seems  better  to  me  to  wait 
until  we  have  facts  upon  which  we  can  base  certain  conclu- 
sions, at  which  time  I  shall  be  glad  to  present  to  the  Society 
further  information  concerning  the  co-operative  work. 

Discussion. 

Chairman  Kent:  Before  opening  the  discussion  I  want 
to  say  a  few  words.  Let  us  see  what  position  the  engineering 
teachers  are  in  from  the  business  man's  standpoint.  This  is 
our  product,  one  hundred  per  cent.,  divided  into  ten  per  cent, 
of  first-class  men,  sixty  per  cent,  or  ordinary  men  and  thirty 
per  cent,  of  failures.  When  I  lived  in  Pittsburgh  thirty  years 
ago  the  condition  of  producing  castings  was  tliis.  "We  could 
buy  first-class  No.  1  foundry  pig  iron  for  $25  a  ton.  We  paid 
$45  a  ton  for  cold-blast  charcoal  iron,  a  difference  of  $20  a 
ton,  because  of  some  supposed  superior  quality  that  the  latter 
iron  had.  There  was  another  iron  in  the  market  called 
"mottled  and  white,"  a  very  hard  iron,  that  was  very  low- 
priced  because  it  was  good  for  very  few  purposes;  and  there 
was  another  iron  that  was  extra  soft,  an  accidental  product  of 
the  blast  furnace  for  which  it  was  difficult  to  find  a  market. 
Somebody  discovered  that  one  of  those  irons  that  was  low  in 
price,  extra  soft,  was  exceedingly  high  in  silicon.  They  also 
discovered  that  the  other  iron,  the  white  iron  was  low  in 
silicon.  Some  bright  genius  said  that  one  per  cent,  plus  three 
per  cent,  makes  four  per  cent,  and  divided  by  two  makes  two 
per  cent.  So  that  adding  soft  pig  iron,  high  in  silicon,  to  hard 
pig  iron,  low  in  silicon,  gave  medium  silicon  just  what  was 
wanted.  For  hundreds  of  years  the  extra  soft  and  the  extra 
hard  irons  had  been  undesirable  products.  We  must  grade 
our  students  along  somewhat  analogous  lines  and  we  must  have 
some  psychological  process  of  finding  how  it  is  that  our 
students  are  divided  into  those  grades,  and  what  use  can 
best  be  made  of  each  grade.     Alexander  Pope  in  his  "Essay 
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on  Man."  a  hundred  years  ago,  said,  '""Wliatever  is,  is  right." 
I  believe  that  maxim  has  been  a  truth  of  Nature  through  all 
time.  Now  we  are  coming  to  believe  that  in  engineering  edu- 
cation whatever  is.  mav  probably  be  wrong,  and  we  have  to 
tind  out  how  to  improve  it.  If  there  is  anything  that  is  prob- 
ably wrong  it  is  this  fact  that  sixty  per  cent,  of  our  ■'tudents 
are  second-class  and  thirty  per  cent,  of  them  are  failures.  I 
do  not  believe  that  this  is  due  to  human  nature.  I  believe 
there  are  methods  of  analysis  for  finding  out  the  cause  of 
this  difference,  and  some  day  we  will  change  the  present  condi- 
tion and  then  be  able  to  say  that  we  have  twenty  per  cent., 
instead  of  ten  per  cent.,  of  first-class  men,  and  will  have  not 
over  twenty  per  cent,  instead  of  thirty  per  cent,  of  failures, 
and  we  will  have  different  gradations  of  the  sixty  per  cent, 
remaining.  "SVe  must  try  experiments  of  all  kinds,  such  as 
Dean  "SVadsworth  and  ^Ir.  Raymond  are  trying,  and  as  is 
being  tried  in  the  "^estinghouse  works  to  find  out  how  to 
treat  students  after  they  come  out  of  college. 

Dean  J.  P.  Jackson:  I  shall  have  to  plead  guilty  to  the 
word  psychology,  as  referred  to  by  ]Mr.  Dooley,  because  the 
subject  under  discussion  is  really  a  matter  of  psychology  and 
character  building  to  a  very  large  extent.  I  believe  one  cause 
for  the  existence  of  that  unsatisfactory  sixty  per  cent,  is  that 
we  teachers  are  apt  to  go  into  the  school  room  and  teach  about 
steam  engines  and  other  material  things — expounding  upon 
the  forces  of  nature  and  their  workings,  but  often  times 
neglectful  of  the  human  element.  After  all,  the  manufacturer 
will  not  knowingly  employ  a  man,  who,  although  foremost 
in  a  knowledge  of  pure  cold  science,  has  not  the  proper  char- 
acter. Our  old  colleges  of  which  religious  denominations  or 
other  organizations  usually  had  charge,  made  certain  require- 
ments that  are  now  sometimes  lacking.  They  had  Bible  study 
and.  however  neglected  in  the  practice  of  the  present,  there  is 
something  very  useful  in  such  a  study.  Then  there  were  in 
force  other  methods  of  handling  young  men.  that  tended 
directly  to  develop  character.     "^Ve  now  seem  to  hesitate  to  put 
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into  our  engineering  catalogues  much  about  the  specific  train- 
ing of  character  and  manhood,  or  work  for  the  spirits  or  the 
souls  of  the  youths  in  our  keeping.  Is  this  right  ?  Should  we 
not  formally  construct  and  announce  methods  that  mil  train 
the  boy  in  loyalty,  industry,  originality,  kindliness,  a  regard 
for  spiritual  life,  citizenship,  the  relation  of  man  to  man  in 
the  various  pursuits  and  businesses  of  life,  and  any  other 
subjects  that  tend  to  the  development  of  full  manhood 
from  the  time  the  youth  enters  as  a  Freshman  until  he  steps 
forth  as  a  graduate  ?  Should  not  this  work  be  as  frank  and 
direct  in  the  teaching  of  mechanics,  rather  than  incidental  as 
is  so  often  the  case? 

Dean  Snyder  has  proposed  a  scheme  for  a  co-operative 
course,  which  I  assume  fits  his  conditions  and  likely  will  fit  the 
conditions  at  some  of  the  other  institutions  of  learning.  Dean 
Bishop  has  proposed  a  scheme  which  is  more  flexible  and  which 
could  be  adopted  by  most  of  the  engineering  schools  of  the 
country,  however  located.  Regarding  the  proposed  system 
and  the  discussion  on  shop-work,  I  wish  to  express  my  belief 
that,  unless  we  can  persuade  our  high  schools  and  our 
academies  to  give  shop-work, — teach  the  boy  something  about 
using  his  hands  with  his  brain, — we  cannot  afford  to  dismiss 
shop-work  entirely  from  our  college  curricula.  The  student 
may  go  into  commercial  shops  and  learn  shop-methods,  but 
he  is  not  going  to  get  the  same  kind  of  value  from  an  educa- 
tional standpoint  as  is  to  be  obtained  in  the  school  shop. 
Therefore,  if  you  are  going  to  give  up  your  college  shops,  I 
suggest  that  you  use  your  influence  for  the  wider  establish- 
ment of  manual  training  in  the  high  schools  and  academies. 
I  have  seen,  in  the  cases  of  hundreds  of  boys,  how  valuable 
shop-work  has  been  to  them.  Do  not  let  us  throw  away  a  valu- 
able asset  merely  because,  in  the  opinion  of  a  few  men,  it  is 
valueless. 

At  Pennsylvania  State  College  we  started  over  a  year  ago  to 
require  in  addition  to  the  one  hundred  and  sixty  regular 
college  credits,  a  certain  number  of  extra  credits  for  summer 
work.     The  boy  has  to  perform  this  extra  service  in  order  to 
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graduate.  If  for  any  reason,  due  to  a  slump  in  business  or 
otherwise,  he  is  unable  to  get  a  summer  position,  we  provide  a 
method  whereby  he  can  do  an  equal  amount  of  work  in  the 
college.  "We  put  the  plan  into  operation  last  year  and  about 
ninety  per  cent,  of  our  boys  now  spend  the  required  two 
months  during  the  summertime  in  industrial  work.  They 
bring  back  with  them  in  the  fall  statements  signed  by  the 
superintendents,  managers,  or  other  responsible  officials — in 
whose  employ  they  worked — describing  the  work  pursued  and 
stating  that  the  young  man  has  done  his  duty  to  the  satis- 
faction of  those  concerned.  This  arrangement  results  in  every 
student  getting  practically  six  months  of  training  in  industrial 
establishments  during  the  four  years.  "We  are  inclined  to 
believe  that  these  six  months,  with  an  industrial  post-graduate 
two-years '  course  of  mental  and  hand  training,  such  as  ^Messrs. 
Scott  and  Dooley  describe,  will  turn  out  as  good  men  as  can 
be  produced  by  other  systems  which  have  been  proposed. 

Professor  G.  H.  Morse:  The  last  speaker  advanced  one  of 
three  reasons  for  the  trouble  behind  Mr.  Raymond's  percent- 
ages. I  would  not  minimize  what  he  says  with  reference  to 
either  eliminating  those  who  have  not  character  or  instilling 
more  character  into  those  that  we  have  to  deal  with.  "What  I 
believe  is,  that  there  should  ultimately  be  some  form  of 
selection  of  students  who  are  to  take  engineering.  I  think 
that  at  least  half  of  those  who  present  themselves  to  take 
engineering  ought  not  to  be  permitted  to  do  so.  "We  should 
eliminate  them  through  a  psychological  investigation  of  indi- 
viduals. I  believe  that  psychological  tests  could  be  produced 
that  would  very  quickly  eliminate  a  large  percentage  of  those 
who  should  be  eliminated.  I  understand  that  the  old  Romans 
had  such  tests.  And  to  indicate  roughly  what  such  tests 
should  consist  of  I  will  give  a  simple  example.  In  testing  the 
ability  of  any  man  I  would  advertise  that  I  would  interview 
young  men  at  a  given  address  in  a  given  city  with  reference 
to  their  getting  positions,  I  would  give  an  address  some- 
where in  the  neighborhood,  but  not  the  exact  address.     The 
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fellows  with  energy,  ability  and  anxiety  enough  to  hustle 
around  would  find  the  right  place  first.  This  would  be  the 
first  element  in  the  elimination.  That  method  sounds  crude. 
There  is,  I  understand,  among  psychologists  today  a  much 
more  scientific  method*  than  that,  a  measurement  of  what  I 
believe  James  calls  our  perservation.  Flashing  lights  pass 
before  the  subject's  eyes,  and  the  number  of  flashes  per  second 
that  must  be  reached  before  the  person  considers  the  light 
continuous  is  the  measure  of  his  capacity  for  a  perception,  or 
his  power  of  retention  of  images  in  the  brain.  That,  I  under- 
stand to  be  a  very  accurate  measure  of  certain  capabilities 
that  would  tend  to  differentiate  between  geniuses,  lunatics  and 
people  of  average  intelligence.  And  I  believe  a  test  based 
on  some  such  scientific  method  as  that  would  go  a  long  way 
towards  eliminating  the  undesirables  in  engineering  schools. 
After  having  chosen  a  proper  and  select  number  of  students, 
the  other  element  that  I  have  in  mind  is  the  improving  of  the 
efficiency  of  methods  of  teaching.  I  have  studied  the  methods 
used  in  the  public  schools  since  my  day  as  a  student  in  them. 
I  have  observed  the  development  of  school  teaching  of  that 
grade  through  my  children.  I  believe  that  the  efficiency  of 
methods  of  teaching  used  in  the  secondary  grade  has  risen 
from  say  twenty  per  cent.,  in  my  day,  to  eighty  per  cent, 
today.  Possibly  the  teachers  in  these  lower  grades  now 
understand  ways  of  teaching  by  more  advanced  methods  to 
such  an  extent  that  they  can  instill  eighty  per  cent,  of  what 
they  attempt  to  teach.  We  college  teachers  instill  about  ten 
to  fifteen  per  cent,  of  what  we  attempt  to  teach.  I  mean  by 
this  that  if  we  take  all  the  subject  matter  that  we  place  before 
our  students  as  the  denominator,  and  for  the  numerator  all 
that  they  are  able  to  give  back  to  us  a  little  later,  the  ratio 
would  be  about  ten  to  fifteen  per  cent.  This  casts  no  reflec- 
tion on  you  or  on  me.  There  is  no  reason  to  feel  that  we  are 
missing   our    functions.     It   is   simply   due    to   the   extreme 

•  See  '  *  Measuring  Your  Intelligence :  John  Gray 's  New  Instrument  for 
Testing  Perseveration."    Scientific  American,  Jan.  28,  1911. 
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rapidity  of  the  development  which  the  subjects  that  we  deal 
with  have  undergone.  The  scknce  of  teaching  such  subjects 
as  engineering  has  not  advanced  to  perfection  because  there 
have  as  yet  not  been  years  enough  for  it  to  do  so. 

Professor  J.  C.  Tracy:  A  sentence  in  Mr.  Raymond's 
paper  suggests  a  phase  of  work  which  I  consider  very  im- 
portant. It  is.  in  substance,  that  it  might  be  well  to  have  less 
college  life  and  more  office  spirit.  I  think  that  I  understand 
what  he  means  by  that  kind  of  college  life  and  I  agree  with 
him  that  it  would  be  well  to  have  less  of  it.  I  think  that  I 
understand  what  he  means  by  office  spirit,  and  I  heartily  agree 
with  him  on  this  point  also.  It  seems  to  me.  however,  that 
there  is  danger  of  neglecting  coUege  life  in  its  highest  sense. 
Last  year  it  was  my  privilege  to  spend  two  weeks  at  each  of 
the  large  state  universities  in  the  middle  west:  Illinois,  Wis- 
consin, ilinnesota,  Purdue  and  ^Michigan ;  and  then  two  weeks 
at  each  of  the  five  large  universities  of  the  east :  Harvard. 
Massachusetts  Institute  of  Technology,  Columbia.  Cornell  and 
Pennsylvania,  As  I  had  made  up  my  mind  at  the  start  that 
my  principal  object  should  be  a  study  of  the  methods  of 
instruction  in  civil  engineering  subjects.  I  spent  most  of  my 
time  in  the  civil  engineering  departments,  and  my  impressions 
may,  therefore,  be  considered  rather  one  sided.  And  yet  a 
man  cannot  spend  two  weeks  at  a  university  without  getting 
impre^ons  of  university  life  as  a  whole.  After  my  trip  was 
over,  and  I  had  time  to  reflect,  there  were  two  distinct  im- 
pressions that  came  to  me.  One  was  that  I  had  never  seen  a 
body  of  men  more  intensely  in  earnest  than  the  engineering 
professors  and  instructors  whom  I  met  on  that  trip.  My  im- 
pressions are  not  the  same  in  this  respect  as  those  of  ^Ir. 
Taylor.  I  feel  that  if  the  efficiency  of  engineering  instruc- 
tion is  low,  it  is  not  because  the  instructors  are  not  trying  ; 
and  moreover,  although  the  absolute  efficiency  may  be  low,  it  is 
high  as  compared  with  the  efficiency  of  instruction  in  other 
departments  of  the  university.  I  want  to  contribute  this  bit 
of  testimony  from  the  point-of-view  of  a  man  who  has  been 
able  to  observe  the  work  of  so  many  instructors. 
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The  other  impression  which  I  gained  was  that  there  is  some 
danger  that  these  very  men  may  forget  that  engineering  is  not 
the  entire  object  in  life.  I  saw  many  men  who  apparently 
thought  of  nothing,  talked  of  notliing,  dreamed  of  nothing,  but 
engineering.  Not  all  were  that  way,  of  course,  but  it  seemed 
to  me  that  there  was  a  tendency  in  that  direction.  If  this 
were  allowed  to  go  on  for  a  number  of  years  it  might  result  in 
a  large  proportion  of  our  engineering  instructors  and  pro- 
fessors becoming  engineering  mad.  Mr.  Raymond's  state- 
ment, taken  at  its  face  value  and  the  percentage  being  granted 
as  correct,  is  only  a  partial  statement  after  all.  He  has 
measured  men  by  their  ability  in  engineering  work;  he  has 
not,  of  course,  attempted  to  measure  men  as  men. 

It  is  perfectly  true,  it  seems  to  me,  that  of  that  sixty  per 
cent,  of  men  who  take  engineering  courses  who  are  failures  as 
engineers,  there  is  a  very  large  percentage  who,  nevertheless, 
will  do  their  part  well  in  life,  largely  because  of  their  college 
education.  And  I  am  not  sure  that  it  would  be  wise  to  bar 
from  our  engineering  course  men  who  are  not  adapted  to  engi- 
neering work,  because  our  engineering  courses  are,  perhaps, 
as  well  fitted  to  turn  out  men  as  are  other  courses.  Nothing 
in  this  meeting  has  pleased  me  more  than  to  have  Dean  Jack- 
son touch  upon  the  fact  that  the  end  of  education  is  not 
altogether  engineering;  that  engineering  is  not  an  end  but 
only  a  means ;  that  after  all  it  is  our  business  as  instructors  in 
engineering  not  only  to  train  men  for  engineering,  but  also  to 
train  men  for  life.  And  I  vnsh  to  enter  an  earnest  plea  at  the 
end  of  this  session  that  we  do  not  forget  that. 

In  my  remarks  I  do  not  ^nsh  you  to  feel  that  I  am  com- 
paring any  sections  of  the  country.  The  worst  offender  that 
I  observed  was  an  institution  which  required  so  much  time  of 
its  men  that  there  was  nothing  for  those  men  to  do  but  to  work 
incessantly,  either  in  the  class  room  or  out  of  it.  This  institu- 
tion is  located  in  the  east.  The  next  worst  offender,  in  my 
judgment,  is  located  in  the  middle  west.  The  fault  does  not 
seem  to  be  particularly  characteristic  of  any  section  of  the 
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country,  but  it  is  a  danger  which  our  very  earnestness  and 
intensity  of  purpose  as  instructors  makes  all  the  more  real. 

Professor  H,  S.  Jacoby:  I  wish  to  express  my  appreciation 
of  the  excellent  remarks  by  Mr.  Raymond,  because  we  have 
heard  so  much  destructive  criticism  from  those  employing 
the  young  men  who  are  turned  out  by  our  engineering  col- 
leges. This  paper  certainly  gives  us  constructive  criticism, 
and  I  hope  that  we  may  get  more  of  a  similar  type.  To  learn 
the  point-of-view  of  men  who  are  employing  our  embryo 
engineers,  and  the  results  of  their  observations  in  the  train- 
ing of  character,  certainly  ought  to  be  very  helpful  to  all  who 
are  endeavoring  to  do  their  best  to  train  those  men. 

There  are  two  points  in  the  paper  to  which  I  wish  to  call 
attention.  A  reference  was  made  to  the  duty  of  the  college 
in  regard  to  dropping  students  for  poor  scholarship.  The 
inference  is  made  that  a  man  who  is  dropped  by  a  college  will 
entirely  lose  the  opportunity  for  an  education.  Now  if  a 
young  man  has  failed  to  react  to  the  forces  which  were  brought 
to  bear  upon  him  in  one  institution,  it  seems  likely  that  to  be 
dropped  out  of  that  institution  should  be  of  real  service  to 
him.  He  can  go  to  some  other  institution  and  continue  his 
work,  perhaps  under  very  different  conditions.  He  has  prob- 
ably changed  his  attitude  toward  study,  which  he  might  not 
have  done  so  easily  if  the  change  had  not  been  made.  That 
is,  we  ought  to  be  wiUing  to  recognize  that  there  are  other 
engineering  schools  in  the  country  to  which  he  may  go,  where 
good  work  is  also  done ;  and  that  he  is  not  entirely  prevented 
from  obtaining  an  education.  We  should  not,  therefore, 
allow  our  sympathy  to  prevail  rather  than  our  judgment. 

The  other  point  is  based  on  the  reference  made  by  Dean 
Jackson  in  regard  to  shop  work  in  industrial  establishments 
during  the  summer.  Frequently  the  colleges  have  been 
criticized  for  not  encouraging  this  practice  more  generally, 
and  in  some  cases  for  not  gi^'ing  more  work  of  that  t^i^e  in  the 
college.  It  seems  to  be  well  worth  while  on  every  possible 
occasion  to  remind  fathers  of  the  duty  to  secure  for  their  sons 
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some  practice  in  manual  work  long  before  the  boys  enter  the 
engineering  college.  If  in  the  latter  part  of  their  grammar 
school  course  and  especially  in  their  high  school  period,  the 
boys  could  engage  during  vacations  in  manual  work  and  get 
in  contact  ^nth  business  life  and  people,  it  would  be  a  decided 
help  to  them  in  college.  I  have  tried  as  a  father  to  carry  out 
this  idea,  and  believe  that  it  has  been  very  profitable.  Every 
boy  ought  to  know  how  to  use  his  hands,  and  ought  to  feel 
that  he  can  construct  something,  and  that  he  is  not  compara- 
tively helpless  when  he  goes  out  into  practical  life.  I  am 
pleased  to  learn  of  the  plans  for  such  courses  here  in  the  Uni- 
versity of  Pittsburgh  and  shall  look  forward  with  interest  to 
the  outcome. 

Dean  Wadsworth:  I  wish  to  refer  to  practical  work,  in 
mines,  of  co-operative  practice.  At  the  ^lichigan  College  of 
Mines  we  did  on  the  outside  the  same  shop  work  and  field 
work  in  surveying  and  work  of  that  kind  as  was  done  long 
before  at  Columbia  and  various  other  engineering  schools.  This 
not  proving  satisfactory  we  made  a  change  putting  in  what  is 
now  called  co-operative  work,  which  we  always  called  practical 
work  in  connection  with  the  mines.  This  gave  the  student  a 
chance  for  real  work  during  the  vacation  or  during  the  term. 
The  plan  proved  an  absolute  failure,  for  the  simple  reason 
that  the  mining  people  were  not  up  to  us.  There  was  not  a 
single  mining  engineer  in  a  copper  mine  in  Michigan  at  that 
time  except  one  at  the  Calumet-Hecla,  who  was  a  civil  engi- 
neer, a  graduate  of  West  Point.  Today  every  man  is  an  engi- 
neer. In  the  Pennsylvania  State  College,  of  which  Dean 
Jackson  has  spoken,  I  had  charge  of  the  school  of  mines  in 
1897,  and  we  had  an  arrangement  whereby  the  men  could 
begin  their  vacation  in  June,  and  spend  twelve  weeks  \sith 
some  company,  satisfactory  to  the  faculty.  They  were  re- 
quired to  write  a  thesis  upon  the  work  done  and  to  pass  a 
written  examination  upon  it.  The  same  plan  has  been  intro- 
duced at  the  University  of  Pittsburgh. 

Professor  Hunter:  I  think  the  first  cause  that  Mr,  Ray- 
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mond  gave  as  a  reason  of  failure  in  engineers  was  laziness, 
and  he  gave  a  fine  definition.  It  strikes  me  that  a  great  many 
of  our  institutions  are  unconsciously  training  students  to  be 
lazy.  We  are  teaching  students  to  think  in  terms  of  semester 
hours  in  place  of  the  eight-hour  day  that  they  will  have  as  the 
time  unit  after  they  get  into  practical  life.  The  student 
comes  to  the  engineering  building  or  class-room  and  works 
for  an  hour  and  then  probably  has  to  lay  off  an  hour  for  the 
next  class.  That  time  he  will  probably  spend  loafing  or  smok- 
ing or  playing  tennis  or  some  other  game,  and  then  he  will 
work  another  hour  and  take  another  rest.  In  place  of  hav- 
ing our  laboratories  and  drawing  rooms  open  at  all  times,  so 
that  the  men  can  come  and  go  and  work,  begin  at  eight  in  the 
morning  and  work  until  four  or  five  o'clock  in  the  afternoon, 
they  are  not  allowed  that  liberty  and  they  work  at  odd  hours 
in  place  of  all  day.  I  like  to  see  a  man  going  to  the  engineer- 
ing building  at  eight  o'clock  in  the  morning,  staj*ing  there 
until  it  gets  dark  in  the  evening,  and  putting  in  his  time  to 
advantage  during  the  entire  day. 

Professor  Chas  F.  Scott  (by  letter)  :  "The  establishment 
of  apprenticeship  courses  for  engineering  graduates  *  *  *  is 
an  acknowledgment  that  the  output  of  our  engineering  schools 
is  unsatisfactory. ' '  Is  this  really  true  ?  I  think  not.  if  it  is 
implied  that  "satisfactory"  graduates  would  make  such 
courses  unnecessary.  Rather,  is  it  not  true  that  during  the 
past  decade  the  technical  graduate  has  come  into  general  favor 
because  he  is  no  longer  expected  to  be  a  trained  practical 
expert  when  he  gets  a  diploma,  but  is  presumed  to  have  a  pre- 
liminary training  which  will  enable  him  to  acquire  readily 
the  special  training  and  the  practical  experience  needed  in 
his  chosen  profession  ?  There  is  a  great  deal  in  the  industries 
which  they  themselves  must  furnish,  which  it  is  not  only 
impracticable  for  the  technical  schools  to  supply,  but  which  it 
is  not  their  function  to  furnish.  It  is  the  function  of  the 
schools  to  make  good  beginners,  and  the  specialized  training 
upon   which  the   vitality  and  development   of  an   industry 
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depends  must  be  fostered  within  the  industry  itself.  Hence, 
the  postgraduate  course  in  the  world's  workshop  is  normal 
and  proper — a  logical  supplement  to  the  technical  school  and 
not  a  reflection  upon  its  efficiency. 

I  take  it  that  the  greatest  value  of  the  co-operative  system 
which  Dean  Bishop  describes  is  not  that  it  supplies  a  big 
practical  laboratory  in  which  the  student's  technical  knowl- 
edge is  increased,  but  that  it  helps  to  make  graduates  better 
beginners.  A  present  difficulty  with  many  graduates  is  that 
they  have  so  long  breathed  only  the  atmosphere  of  the  school 
where  the  purpose  of  everybody  is  to  teach  them  something 
that  they  catch  pneumonia  in  the  chilly  surroundings  of  real 
life  where  they  are  expected  to  do  something  for  somebody 
else.  Then  there  is  also  the  seriousness  of  doing  one  thing 
nine  or  ten  hours  a  day,  week  after  week,  instead  of  taking 
half  a  dozen  subjects  at  a  time  in  hourly  doses  along  with  as 
many  more  varied  outside  interests.  The  transition  will  be 
much  easier,  the  graduate  will  be  a  much  better  beginner,  if  he 
has  breathed  factory  air  and  responded  to  the  seven  o'clock 
whistle  in  earlier  years. 

Many  students  learn  what  is  in  the  book  but  do  not  compre- 
hend the  real  physical  thing.  The  formula  is  the  thing  they 
feel  familiar  with,  the  phenomenon  is  an  indefinite  something 
which  is  explained  by  the  formula.  One  of  the  hardest  tasks 
of  the  teacher  is  to  counteract  this  tendency  and  lead  the  pupil 
to  think  and  feel  nature's  laws  for  himself.  Formulae  then 
become  merely  a  convenient  short-hand  method  of  expressing 
them,  worthy  of  no  more  reverence  tlian  the  stenographer's 
notes  of  a  great  speech.  Just  as  judicious  laboratory  exer- 
cises give  definite  meaning  to  what  may  otherwise  be  hope- 
lessly vague  and  abstract,  so  judicious  work-shop  or  other 
practical  experience  may  give  definite  meaning  to  the  whole 
college  life,  making  clear  to  the  student  the  rational  purpose 
of  its  training  in  fundamental  things,  affording  him  an  in- 
telligent insight  into  the  relations  between  the  college  world 
and  the  larger  world,  and  inspiring  in  him  a  new  and  con- 
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erete  interest  in  his  studies  because  he  has  learned  to  appre- 
ciate that  the  college  course  itself  is  a  sort  of  formula  which 
stands  for  the  things  in  serious,  practical  life.  This  new 
attitude  of  the  student  to  the  later  years  of  the  college  work 
is  one  of  the  best  features  of  the  co-operative  method. 

The  paper  points  out  the  serious  and  to  some  students  dis- 
appointing fact  that  the  manufacturer  is  not  running  a  shop 
school  but  a  commercial  business  in  which  young  men  are 
likely  to  acquire  more  in  the  way  of  general  discipline  than  of 
technical  information.  And  it  is  well  that  this  is  so,  for  more 
graduates  fail  for  lack  of  the  ability  to  get  along  efficiently 
with  other  people  than  for  lack  of  technical  knowledge. 
Hence  the  value  of  the  experience  and  the  new  point  of  view 
which  early  contact  with  working  men  and  with  real  things 
are  apt  to  give. 

I  believe  that  when  the  employers  of  graduates  say  they  are 
''unsatisfactory'"  it  is  usually  not  because  they  are  not  full- 
fledged  engineers,  but  because  they  are  not  good  beginners, 
and  the  co-operative  system  may  be  made  an  effective  means 
of  supplying  some  of  their  important  deficiencies. 

Mr.  C.  R.  Dooley  (by  letter)  :  Another  university  has 
established  the  co-operative  plan  with  a  schedule  alternating 
at  a  new  frequency.  However  the  details  of  its  schedule  and 
plan  of  operation  are  relatively  unimportant.  "We  are  more 
interested  in  the  fact  that  the  I'niversity  of  Pittsburgh  has 
put  its  stamp  of  approval  upon  the  general  scheme  and  has 
seen  the  exceptional  possibilities  afforded  by  the  industries  of 
the  Pittsburgh  district. 

;Many  of  us  may  not  agree  with  the  details  of  Dean  Bishop 's 
schedule,  methods  of  shop  supervision,  etc.,  but  these  points 
are  not  open  to  debate — ^local  conditions  determine  them 
completely. 

The  success  of  any  plan  does  not  depend  so  much  upon  the 
details  of  its  application  as  upon  the  character  of  its  admin- 
istrators. And  there  is  a  feeling  among  the  industries  of  the 
Pittsburgh  district  that  the  university  will  succeed  in  its  new 
work. 
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The  principle  of  the  co-operative  plan  seems  to  be  a  part  of 
the  natural  order  of  things.  The  routine  work  of  the  day  and 
the  reflective  research  of  the  leisure  moments  follow  in  endless 
cycles  throughout  life,  if  one  will  reach  the  highest  success. 
Study  and  service  each  has  its  greatest  incentive  in  the  other. 

A  number  of  years  I  have  been  interested  in  night  school 
technical  work,  among  regular  factory  employees — a  form  of 
co-operative  education  which  taxes  the  ultimate  strength  of 
every  student — and  the  general  results  which  these  men  have 
accomplished  would  make  the  average  college  student  ashamed 
of  himself.  The  broad  principle  of  co-operative  education 
surely  is  the  nearest  approach  to  the  ideal  that  has  yet  been 
conceived,  at  least  for  engineering  and  industrial  training. 

Mr.  Alexander  Taylor  (by  letter)  :  Notwithstanding  the 
criticism  occasionally  heard  of  the  inefficiency  of  our  technical 
colleges,  it  must  be  admitted  that  the  work  done  by  them  has 
been  productive  of  good  results  in  supplying  the  engineering 
industries  with  young  men  who,  with  the  practical  training 
accorded  them  upon  joining  many  of  the  leading  manufactur- 
ing establishments,  become  well  equipped  in  due  course  to 
carry  on  the  various  phases  of  engineering  requirements.  At 
the  same  time  it  is  an  equally  safe  assertion  to  state  that  there 
is  still  room  for  very  considerable  improvement,  principally 
for  the  reason  that  heretofore  the  curriculum  in  each  college 
has,  in  the  main,  been  formulated  without  a  sufficiently  inti- 
mate knowledge  of  the  needs  of  the  differing  industries. 

Without  attempting  to  set  forth  the  several  causes  for  this 
condition  of  affairs,  some  of  which  are,  however,  plainly  to  be 
seen,  it  may  be  said  that  college  authorities  and  manufacturers 
alike,  are  now  commencing  to  recognize  more  strongly  than 
heretofore  the  possibilities  in  the  line  of  service  which  each  is 
in  position  to  render  the  other  and  are  accordingly  beginning 
to  get  together  in  various  ways,  one  of  which  is  evidenced  by 
the  formation  of  co-operative  systems  of  education  as  outlined 
by  Dean  Bishop. 

As  stated  in  this  paper,  it  is  hardly  possible  to  enumerate 
32 
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all  of  the  advantages  likely  to  be  derived  from  these  co-opera- 
tive systems  at  the  present  time.  This  is  due  to  the  fact  that 
they  are  too  new  as  yet.  so  that  while  sufficient  is  already 
known  to  warrant  their  further  development,  additional  items 
of  value  will  undoubtedly  appear  as  time  goes  on,  including 
particularly  the  percentage  of  time  which  should  be  devoted  to 
practical  training  so-called,  as  compared  with  purely  theo- 
retical studies. 

If  criticism  can  be  fairly  made  of  the  present  college 
courses,  it  would  seem  to  be  that  too  much  ground  is  covered 
in  too  short  a  period  (4  years)  for  the  average  student  to 
assimilate  the  subjects  thoroughly,  though  this  may  be  due, 
and  doubtless  is  in  part,  to  faulty  preliminary  training. 
Since  the  college  course  can.  however,  not  be  lengthened  for 
the  average  youth,  because  of  economic  reasons,  the  studies  to 
be  taken  up  should  not  only  be  selected  with  the  very  greatest 
care  but  should  be  reduced  in  numbers  as  well,  and  additional 
time  devoted  to  the  remaining  subjects. 

The  need  for  standardization  both  in  the  matter  of  entrance 
requirements  for  technical  colleges  as  well  as  in  the  courses 
themselves,  is  fully  as  important  as  the  need  for  standardiza- 
tion in  manufacturing  methods  and  appliances.  The  greatest 
step  in  advance  will  have  been  made,  when  this  fact  is  fully 
realized  and  acted  upon  by  the  colleges;  for  the  adoption  of 
uniform  standards  by  them  will  react  on  the  preparatory 
schools  compelling  these  latter  in  turn  to  make  their  standards 
more  nearly  uniform  and  in  some  cases,  of  higher  grade,  thus 
equipping  students  for  more  effective  work. 

The  stage  of  co-operation  now  being  entered  upon  by  some 
college  authorities  and  manufacturers,  will  if  extended,  enable 
a  curriculum  to  be  selected,  the  items  entering  into  which  will 
be  studied  more  nearly  in  proportion  to  their  probable  subse- 
quent value.  It  is  true  in  all  vocations  that  '  *  practice  makes 
perfect'';  and  it  should  therefore  be  borne  in  mind  when 
formulating  any  curriculum,  that  studies  once  taken  up 
should,  if  possible,  be  continued  throughout  the  college  course 
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even  if  but  indirectly,  and  not  dropped  upon  the  successful 
completion  of  an  examination  at  the  end  of  any  term. 

Besides  permitting  courses  of  instruction  both  in  the  col- 
leges and  in  the  shops  to  be  laid  out  to  better  advantage, 
these  co-operative  systems  of  education  will  enable  the 
students  to  see  and  to  have  impressed  upon  them,  how  very 
essential  their  college  work  will  prove  in  actual  commercial 
life,  thus  giving  them  an  additional  incentive,  to  make  the 
most  of  the  opportunities  offered  while  in  college.  This  point 
cannot  be  too  strongly  emphasized,  as  it  is  an  advantage  not 
accorded  to  the  average  college  man  under  prevailing  systems 
of  education,  except  perhaps  as  he  may,  more  or  less  unknow- 
ingly, make  the  opportunity  for  himself  by  working  during  liis 
summer  vacations. 

In  outlining  a  course  of  student  shop-instruction,  it  is 
obvious  that  if  the  work  is  to  be  followed  out  on  any  con- 
siderable scale,  it  must  from  the  manufacturer's  viewpoint  be 
more  or  less  self-supporting ;  that  is  to  say,  a  part  of  the  out- 
lay must  be  returned  in  immediate  production,  while  the  bal- 
ance may  be  considered  as  to  be  returned  at  some  future  time 
through  any  of  several  channels,  such  as  obtaining  when 
needed  with  expansions  of  business,  additional  talent  of  a 
high  grade  for  the  various  departments  of  an  organization, 
indirect  advertising  of  the  company  and  its  methods,  future 
direct  customers,  etc.,  etc.  In  laying  out  such  a  course,  it  is 
necessary  to  remember  that  the  students,  upon  entering,  have 
not  in  many  cases  sufficiently  matured  to  be  able  to  state 
definitely  whether  they  feel  their  talents  fit  them  for  design- 
ing, manufacturing,  selling  or  erecting  and  the  work  in  the 
shop  must,  therefore,  be  so  arranged  that  they  will  be  afforded 
opportunities  of  being  brought  more  or  less  intimately  into 
touch  with  the  functions  of  these  several  departments,  thus 
assisting  them  to  reach  decisions  in  due  course  regarding  their 
relative  fitness  for  their  subsequent  line  of  work. 

During  the  continuance  of  the  shop  course,  the  student  in 
addition  to   learning  certain  specific  operations   depending 
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upon  the  industry  entered,  such  as  machining,  bench  work, 
assembling,  winding,  etc.,  if  electrical  work  is  being  followed, 
is  also  learning  many  other  and  equally  important  things 
which  will  stand  him  in  good  stead  all  through  life  regardless 
of  the  profession  he  ultimately  engages  in.  Chief  among 
these  may  be  mentioned:  (1)  discipline,  of  which  the  average 
young  man  can  hardly  get  an  overdose;  (2)  relative  values 
of  materials,  methods  and  money,  the  last  more  especially  if 
his  home  allowance  is  eliminated,  so  that  he  is  wholly  de- 
pendent upon  his  own  earnings;  (3)  better  appreciation  of 
the  value  of  his  college  course,  as  already  intimated;  (4)  in- 
creased and  quicker  character  development  due  to  contact 
with  an  entirely  different  set  of  men  and  conditions,  which 
contact  it  may  be  observed  will  work  unconsciously  and  auto- 
matically in  two  directions  as  may  be  required,  either  by 
rounding  off  sharp  corners  in  the  strongly  opinionated  and 
self-satisfied  young  man  or  by  bringing  out  and  making  more 
forceful  the  too-reserved  individual. 

The  apprentice  courses  of  the  Westinghouse  Electric  & 
Manufacturing  Company  are  the  result  of  a  process  of  evolu- 
tion during  the  past  twenty  years.  As  at  present  constituted, 
they  embody  in  considerable  measure  the  composite  ideas  of 
the  heads  of  departments,  many  of  them  college  men  who  have 
gone  through  the  courses  themselves  so  that  they  have  appre- 
ciated every  phase  of  the  matter,  not  only  the  needs  of  the 
apprentices  but  the  requirements  of  the  company.  These 
courses  were  briefly  described  by  Messrs.  C.  F.  Scott  and  C. 
E.  Dooley  in  their  paper  on  "Adapting  Technical  Graduates 
to  the  Industries."  It  is  appreciated  that  wliile  the  courses 
are  stronger  in  every  way  than  formerly  they  can  withont 
doubt  be  further  improved  with  additional  experience:  and 
this  the  company  is  fully  prepared  to  do,  recognizing  as  it  does 
the  almost  incalculable  value  to  be  derived  from  them  if 
properly  developed. 
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OCTAVE  CHANUTE.' 

Dr.  Octave  Chanute,  who  was  for  many  years  one  of  the 
best-known  civil  engineers  in  this  country  and  is  noted  as  a 
pioneer  in  aviation,  died  November  23,  1910,  at  his  home  in 
Chicago,  aged  nearly  79.  Mr.  Chanute  was  bom  in  France  in 
1832,  the  son  of  a  professor  in  the  CoUege  of  France;  and 
came  to  the  United  States  in  1838  when  his  father  moved  to 
Louisiana  to  become  vice-president  of  Jefferson  College.  The 
family  removed  to  New  York  City  in  1848,  and  in  1849  Mr. 
Chanute  began  his  career  as  an  engineer,  and  was  actively  en- 
gaged in  that  line  for  practically  sixty  years. 

The  professional  career  of  Mr.  Chanute  is  typical  of  that  of 
most  of  the  prominent  engineers  of  this  country,  in  that  he 
began  at  the  foot  of  the  ladder.  "When  only  seventeen  years 
of  age,  on  introducing  himself  to  the  resident  engineer  in 
charge  of  the  construction  of  the  Hudson  River  Railroad,  he 
was  told  there  was  "no  vacancy":  but  he  begged  for  permis- 
sion to  serve  gratis  "to  learn  the  business,"  and  this  being 
granted  after  some  urging,  he  considered  he  had  made  his 
fortune  when  two  months  later  he  was  made  an  assistant  chain- 
man  at  $1.12^  a  day.  However,  when  he  was  only  twenty-one 
years  old,  he  was  division  engineer  at  Albany,  New  York,  in 
charge  of  the  terminal  facilities  and  of  the  maintenance  of 
way  between  Hudson  and  Albany. 

In  1853  he  moved  to  Illinois,  where  he  worked  for  ten  years ; 
and  as  chief  engineer  built  portions  of  several  of  the  great 
railroads  of  that  section  of  the  country.  During  this  time  he 
was  invited  to  submit  designs  of  the  proposed  L'nion  Stock 
Yards  at  Chicago.  His  plans  were  selected  in  competition 
with  others,  and  lat<?r  as  chief  engineer  he  built  the  yards 
much  as  they  remained  to  this  day.  In  1866  he  began  the  first 
bridge  across  the  Missouri  River,  which  had  an  ill  repute  and 

•  This  biographical  sketch  was  prepared  by  Professor  Ira  O.  Baker. 
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completed  the  bridge,  a  feat  ■which  established  his  reputation 
among  engineers  in  both  this  country  and  in  Europe.  After 
this  achievement  and  largely  as  the  result  of  it,  he  was  placed 
almost  simultaneouslv  in  charge  of  the  construction  of  four 
railroads  in  Missouri  and  Kansas  aggregating  a  total  of  about 
400  miles — a  large  undertaking  in  those  days. 

In  1873  he  became  chief  engineer  of  the  Erie  Railroad,  a 
position  he  held  for  ten  years,  during  which  time  the  gauge 
was  reduced  to  the  present  standard,  the  line  was  double- 
tracked,  and  the  general  facilities  of  the  road  were  greatly 
improved.  For  a  time  he  was  in  temporary  charge  of  the 
motive  and  roUing  stock  in  addition  to  his  duties  as  chief 
engineer,  during  which  time  he  improved  the  locomotives  and 
grades  so  as  to  increase  the  standard  through  freight  train 
from  18  to  35  cars. 

TVTiile  living  in  New  York  the  needs  of  that  city  for  rapid 
transit  attracted  ]\Ir.  Chanute's  attention  almost  as  soon  as 
he  came  to  live  in  that  city.  The  problem  had  been  discussed 
for  many  years  without  action,  when  he  proposed  that  it 
should  be  investigated  by  the  American  Society  of  Civil  Engi- 
neers. He  was  made  chairman  of  the  commission  which  he 
suggested;  and  the  commission  gave  five  months  of  careful 
study  to  the  problem,  examining  all  proposed  schemes  and  con- 
ferring with  many  public  bodies  and  private  citizens.  The 
report  which  was  made  public  in  February,  1875,  advocated 
the  building  of  four  lines  of  elevated  railroad  to  be  operated 
by  steam  locomotives,  and  proved  so  convincing  that  the  legis- 
lation needed  followed  almost  immediately.  The  roads  were 
built,  and  proved  a  great  success  from  the  very  first,  as  every- 
body knows. 

In  1884  he  moved  to  Kansas  City,  and  opened  an  office  as 
consulting  engineer;  and  in  the  next  few  years  had  general 
direction  of  the  construction  of  the  bridges  on  the  Chicago, 
Burlington  and  Northern  Railroad  between  Savanna  and  St. 
Paul,  and  on  the  Atchinson,  Topeka  and  Santa  Fe  Railroad 
between  Chicago  and  Kansas  City. 

In  1889  Dr.  Chanute  moved  to  Chicago,  and  continued  to 
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practice  as  a  consulting  engineer,  but  gave  considerable  time 
to  the  preservation  of  timber  and  later  to  the  development  of 
aviation.  In  1880  he  was  chairman  of  a  committee  appointed 
by  the  American  Society  of  Civil  Engineers  to  investigate  the 
subject  of  timber  preservation,  and  the  report  of  this  com- 
mittee presented  in  1885  did  much  to  bring  the  advantages  and 
economics  of  timber  preservation  to  the  attention  of  engineers 
in  this  country,  at  a  time  when  but  little  was  known  in  this 
country  on  that  subject.  The  report  of  this  committee  was 
largely  his  personal  work,  and  was  done  so  well  that  at  its 
1910  meeting  the  society  did  not  consider  that  there  was  suffi- 
cient additional  information  available  to  warrant  the  appoint- 
ment of  a  new  committee.  For  many  years  ]\Ir.  Chanute  was 
recognized  as  a  leading  expert  on  the  preservation  of  timber. 

In  popular  estimation  the  fame  of  Dr.  Chanute  will  prob- 
ably always  rest  on  his  work  in  connection  with  the  develop- 
ment of  aerial  navigation.  As  early  as  1874  he  became  inter- 
ested in  the  science  of  aviation;  but  finding  that  this  "side 
issue"  interfered  with  his  professional  work,  he  laid  it  aside 
until  1888  when  he  was  able  to  give  time  to  it.  In  1893  in 
connection  with  the  Engineering  Congress  at  Chicago  he 
arranged  a  series  of  conferences  on  aerial  navigation,  and  pre- 
sented two  or  three  papers  himself.  During  the  experiments 
of  the  Wright  Brothers  with  flying  machines  from  1901  to 
1905  he  made  at  their  request  numerous  calculations  for  them 
and  supplied  them  -^-ith  both  information  and  advice.  In 
1897  he  published  a  book  entitled  "Progress  in  Flying  Ma- 
chines," which  contained  a  very  concise  and  comprehensive 
account  of  the  science  and  the  state  of  the  art ;  and  in  1909  he 
presented  a  paper  on  "Recent  Progress  in  Aviation"  to  the 
Western  Society  of  Engineers,  In  the  summer  of  1910  he  was 
awarded  a  gold  medal  by  the  Aeronautical  Society  of  Great 
Britain,  But  great  as  was  his  work  and  influence  in  aviation, 
Dr,  Chanute  always  regarded  it  as  a  "side  issue," 

Dr.  Chanute  contributed  numerous  valuable  papers  to  the 
American  Society  of  Civil  Engineers;  and  ser\^ed  on  several 
important  committees  in  addition  to  those  mentioned  above. 
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had  been  pronounced  unbridgeable,  but  in  1869  Mr.  Chanute 
He  was  president  of  the  American  Society  of  Civil  Engineers 
in  1891,  and  of  the  "SVestern  Society  of  Engineers  in  1901. 
While  president  of  the  "Western  society  he  endowed  three 
medals  to  be  awarded  for  the  best  papers  in  civil,  electrical, 
and  mechanical  engineering.  He  was  a  member  of  various 
scientific  and  engineering  societies;  and  was  an  honorary 
member  of  the  Institution  of  Civil  Engineers,  and  of  several 
other  foreign  societies.  In  1905  the  University  of  Illinois 
conferred  upon  him  the  honorary  degree  of  doctor  of  engi- 
neering. 

He  was  modest  and  unassuming,  courtly  in  manner, 
extremely  considerate  of  the  feelings  and  opinions  of  others, 
and  ever  ready  to  help  others,  particularly  the  younger  mem- 
bers of  the  profession,  with  suggestions  or  advice. 

In  1893  he  was  chairman  of  the  executive  committee  of  the 
engineering  societies  having  charge  of  the  International  Engi- 
neering Congress  held  in  connection  with  the  "World's  Colum- 
bian Exposition  in  Chicago.  At  one  of  the  meetings  of  the 
chairmen  of  the  various  sections,  Dr.  Chanute  inquired  of  the 
chairman  of  the  section  on  engineering  education  as  to  prog- 
ress he  was  making,  and  was  informed  that  the  chairman  was 
greatly  disappointed  that  the  exposition  company  could  not 
finance  the  proposed  meeting,  and  would  not  be  able  to  publish 
the  proceedings — both  of  which  had  been  promised.  Dr. 
Chanute  volunteered  to  lay  the  matter  before  his  committee, 
which  agreed  to  finance  the  meeting  and  provide  for  the  pub- 
lication of  the  report.  The  engineering  societies  financed  the 
meeting,  but  the  organization  of  the  Society  for  the  Promotion 
of  Engineering  Education  relieved  the  engineering  societies  of 
publishing  the  proceedings  of  Section  E  of  the  Engineering 
Congress — Engineering  Education.  Dr.  Chanute 's  interest  at 
a  critical  time  was  invaluable  to  the  Society  for  the  Promotion 
of  Engineering  Education. 
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HOWARD   LEE   HANCOCK.* 

Edward  Lee  Hancock  was  born  on  June  28,  1873,  in  Shelds- 
moiind,  111.,  and  died  on  October  1,  1911.  He  graduated  from 
the  University  of  Wisconsin  in  1898,  receiving  the  degree  of 
M.S.  in  1902  from  the  same  institution,  following  two  years 
as  an  instructor.  He  next  went  to  Purdue  University,  re- 
ceiving the  appointment  as  assistant  professor  in  1906,  after 
four  years  as  instructor.  In  1909  he  was  chosen  professor  of 
applied  mechanics  in  the  Worcester  Polytechnic  Institute,  and 
here  for  the  past  two  years  he  has  given  devoted  and  success- 
ful service  to  its  educational  work. 

He  had  an  exceptional  personality.  He  was  always  the 
same — friendly,  agreeable,  sjTnpathetic  and  helpful. 

' '  Whose  powers  shed  round  him  in  the  common  strife, 
Or  mild  concerns  of  ordinary  life, 
A  constant  influence,  a  peculiar  grace." 

He  had  all  of  the  qualifications  that  go  to  make  up  the 
successful  teacher,  and  called  forth  only  the  best  in  the  stu- 
dents, whose  interest  his  efforts  never  failed  to  arouse.  He 
won  the  respect  and  esteem  of  everyone  with  whom  he  came 
in  contact. 

Professor  Hancock's  book,  "Applied  Mechanics  for  Engi- 
neers," which  was  first  published  in  1909,  has  been  verj-  well 
received,  especially  by  those  engaged  in  engineering  education, 
and  it  has  been  adopted  as  a  text  book  by  a  number  of  the 
leading  engineering  schools. 

In  1906,  in  joint  authorship  with  Professor  S.  E.  Slocum, 
he  wrote  the  "Text-book  on  the  Strength  of  Materials,"  and 
his  last  professional  work  was  on  the  proof  sheets  of  a  new 
edition  of  this  book. 

He  was  a  member  of  the  Society  for  the  Promotion  of  Engi- 
neering Education;  the  International  Association  for  Testing 
Materials,  and  the  American  Society  for  Testing  ^Materials. 
He  was  a  very  active  member  of  this  latter  association,  before 

•  This  biographical  sketch  was  prepared  by  Professor  Wm.  W.  Bird. 
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which  he  presented  several  papers,  the  last  one  being  at  the 
Atlantic  City  meeting  in  June  of  last  year. 

Professor  Hancock  was  largely  responsible  for  the  working 
up  of  a  comprehensiye  plan  for  the  future  growth  and  devel- 
opment of  the  Strength  of  Materials  Laboratory  at  Worcester 
Polytechnic  Institute,  and  as  these  plans  are  worked  out,  the 
Institute,  while  still  mourning  the  loss  of  a  faithful  and 
reliable  worker,  will  nevertheless  continue,  for  years  to  come, 
to  reap  the  benefit  of  his  two  years  of  devoted  service  to  the 
Worcester  Pohi:echnic  Institute. 


JOHN  WESLEY  JOHNSON,* 

Dr.  John  Wesley  Johnson  was  bom  near  Pontotoc,  Missis- 
sippi, April  5,  1S52,  and  died  in  Chicago,  August  29,  1911. 
From  the  public  school  near  his  home,  he  entered  the  Univer- 
sity- of  Mississippi  and  was  graduated  with  the  A.B.  degree  in 
1876,  and  received  the  A.M.  degree  in  1879.  From  1876  to 
1881,  he  was  assistant  in  Latin  and  mathematics  in  the  Univer- 
sity of  Mississippi.  From  1881  to  1886.  he  was  principal  of 
the  Johnson  Institute  at  Booneville,  Miss.,  and  from  1886  to 
1890  he  was  principal  of  the  preparatory"  department  of  the 
University  of  Mississippi.  For  two  years  thereafter,  he  was  a 
student  at  Leipsic,  Germany,  receiving  his  Doctor's  degree  in 
1892.  During  the  session  of  1892-93,  he  was  assistant  pro- 
fessor of  physics  in  the  University  of  Mississippi.  From  1893 
to  1899.  he  was  associate  professor  of  physics  and  astronomy. 
From  1899  to  1906,  he  was  professor  of  physics,  and  from  the 
latter  date  to  1911,  he  was  professor  of  physics  and  astronomy. 

His  death  terminated  a  long  period  of  service  rendered  the 
University  of  jMississippi.  He  wrought  faithfully,  effectively 
and  loyally.  For  many  years,  he  had  much  to  do  with  the 
collection  and  management  of  the  Alumni  Loan  Fund  and  to 
him  is  largely  due  the  benefits  which  have  arisen  from  that 
fund. 

*  This  memoir  was  prepared  by  Professor  Alfred  Hume. 
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The  most  valuable  of  his  writings  were  on  ' '  Heat  of  Obscure 
Rays";  "Osmosis  in  Vegetable  Membranes";  "Effect  of  an 
Electric  Current  on  the  Direction  of  the  Spiral  Winding  of 
Morning  Glory  Vines." 

"The  distinguishing  traits  of  Dr.  Johnson's  character  were 
a  peculiar  and  refreshing  type  of  child-likeness  of  mental 
attitude,  unshakable  faith  in  God  and  in  his  fellow  man,  an 
entire  freedom  from  env-y  and  malice,  an  original  and  rather 
whimsical  way  of  looking  at  common  things,  a  keen  sense  of 
humor,  the  love  of  flowers,  birds  and  children,  loyalty  in  every 
relation  and  'sweet  reasonableness'  in  all  things." 


NATHANIEL  WRIGHT  LORD.* 

Nathaniel  Wright  Lord,  born  at  Cincinnati,  Ohio,  December 
26,  1854,  sprang  from  a  notable  ancestry.  His  father  was 
Henry  Clark  Lord,  a  man  prominent  in  the  business  and 
political  life  of  his  time,  and  son  of  Nathan  Lord,  for  many 
years  President  of  Dartmouth  College;  his  mother,  Eliza 
Burnet  Wright,  was  a  woman  of  rare  vigor  and  ability. 

Professor  Lord's  education  was  begun  in  the  public  schools 
of  his  native  city,  and  this  early  training,  enriched  by  the 
intellectual  companionship  of  his  parents  and  by  a  year  of 
searching  review  under  an  exacting  foreign  tutor  of  rare  gifts, 
was  enlivened  by  continual  boyish  forays  into  fields  of  litera- 
ture, history,  natural  history  and  science.  This  excellent  and 
unusual  preparation  enabled  him  to  enter  upon  and  to  pursue 
with  appreciation,  enthusiasm  and  success  the  rigorous  course 
in  mine  engineering  of  Columbia  College  School  of  Klines. 
In  this  work  he  spent  the  years  1872-76,  and  received  the 
degree  of  Engineer  of  ]\Iines. 

For  a  year  after  graduation  he  wa.s  engaged  as  assistant 
engineer  in  the  engineering  department  of  the  city  of  Cincin- 
nati, after  which  he  accepted  a  position  as  engineer  and  metal- 

*  This  memorial  was  compiled  from  excerpts  from  the  facultj  minutes 
of  The  Ohio  State  University. 
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lurgist  of  the  Monte  Grande  Gold  ^Mining  Co.  of  Xicaragua. 
"WMle  so  engaged,  he  became  seriously  ill  with  one  of  the 
fevers  of  that  region,  which  nearlv  cost  him  his  life. 

Upon  his  return  and  recovery,  the  young  engineer  was 
appointed.  November  6,  1878.  state  analyst  at  The  Ohio  State 
University.  On  June  18.  1879,  he  was  appointed  assistant 
professor  of  mining  and  metallurgy,  and  was  put  in  charge 
of  that  department,  which  had  been  in  active  existence  only 
a  year.  He  was  made  full  professor  of  mining  and  metal- 
lurgy in  1SS7  and  his  title  was  changed  in  1891  to  professor 
of  metallurgy  and  mineralogy  and  director  of  the  School  of 
Mines,  which  title  he  held  until  his  death,  May  23.  1911. 

Professor  Lord's  professional  career  was  largely  developed 
in  the  service  of  The  Ohio  State  University.  His  earliest  engi- 
neering experience  as  the  chemist  and  technical  director  of  a 
gold  mining  company  in  Nicaragua,  though  it  had  been  of 
great  service  in  developing  his  power  and  self-confidence  in 
the  application  of  science  to  engineering,  yet  had  given  him 
little  reputation.  In  the  new  position  his  ability  and  energy 
were  soon  recognized  He  became,  in  1883,  chemist  of  the 
Geological  Survey  of  Ohio,  contributing  in  addition  to  his 
chemical  reports,  valuable  chapters  on  the  iron  industry  and 
on  the  differentiation  of  the  coal  seams  of  the  state  by  novel 
methods.  His  grasp  of  these  subjects  was  so  masterly  that  he 
became  a  national  authority  on  fuels  and  fuel  testing,  and 
for  the  past  eight  years  was  chief  chemist  or  consulting  expert 
of  the  Technologic  Branch  of  the  United  States  Geological 
Survey,  now  the  Bureau  of  Mines. 

Upon  the  College  of  Engineering  at  The  Ohio  State  Univer- 
sity. Professor  Lord  has  left  an  enduring  mark.  As  its  first 
dean,  beginning  1896.  he  carried  it  through  its  formative 
period,  and  left  it  with  policies  and  ideals  well  crystallized. 
His  sane  and  practical  mind  rejected  instantly  everything  that 
savored  of  show  and  pretense.  As  in  his  engineering,  so  every 
educational  plan  must  rest  upon  a  solid  foundation.  His 
constant  struggle  was  to  ground  his  students  thoroughly — 
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well  assured  that  upon  such  a  foundation  they  would  erect  a 
secure  superstructure.  His  teaching  was  a  constant  appeal 
to  the  reason,  and  to  the  constructive  imagination.  To  see 
him  with  a  class  attack  a  problem  new  to  both,  was  a  rare 
experience. 

Combined  with  his  power  and  inspiration  as  a  teacher,  was 
his  pre-eminent  ability  as  an  investigator.  The  training  of 
the  chemical  laboratory,  where  everything  must  be  accounted 
for,  gave  to  his  naturally  incisive  thinking  processes,  a  pre- 
cision and  analytical  power  most  unusual.  No  man  could 
with  more  unerring  certainty  strip  a  complicated  problem  of 
its  disguises  and  lay  bare  its  fundamental  principles.  No 
field  of  science  upon  which  he  touched  failed  to  profit  in  some 
enduring  way  from  his  ever  active  mind. 

No  man  could  associate  with  him  in  any  capacity  without 
admiring  him :  his  large  mind  and  generous  spirit  had  no  room 
for  anything  little  or  sordid.  Creditable,  useful,  even  bril- 
liant, as  many  of  his  contributions  to  science  and  engineering 
have  been,  his  influence  on  his  students  and  on  his  colleagues 
is  the  signal  proof  of  his  greatness. 

To  the  very  last  he  was  a  man  of  diversified  interests  and 
continually  entered  upon  new  pursuits  with  characteristic 
enthusiasm. 

Professor  Lord  was  a  man  of  marked  intellectual  vigor. 
His  mind  was  no  less  judicial  than  analytical.  He  thought 
clearly  and  spoke  with  logical  precision.  In  action  he  was 
prompt,  decided  and  fearless.  His  moral  convictions  rested 
upon  reason  rather  than  upon  authority  or  tradition. 

With  the  reserve  of  a  gentleman  who  permitted  no  undue 
familiarity,  he  yet  remained  essentially  democratic,  and  no 
one  felt  humbled  in  his  presence.  Honesty  was  fearless  before 
him.  To  those  who  won  his  confidence,  he  was  a  loyal  friend 
and  a  wise  counsellor. 
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STILLMAN   WILLIAMS    ROBINSON.' 

StiUman  "Williams  Eobinson.  emeritus  professor  of  mechan- 
ical engineering,  died  on  Monday  morning,  October  31,  1910. 

Professor  Robinson  vras  born  on  a  farm  near  South  Read- 
ing, Yt.,  !5ilarch  6,  1638.  His  early  life  was  that  of  a  country 
boy,  but  his  love  of  mechanics  led  him  to  the  shops  and  he 
served  a  four-year  apprenticeship  to  the  trade  of  machinist. 

He  earned  the  money  to  defray  the  expenses  of  his  early 
education  and  to  prepare  himself  for  college.  In  1860  he  left 
home  to  attend  the  University  of  2*Iichigan.  He  made  the 
journey  largely  on  foot  and  met  his  expenses  by  working  as  a 
machinist  on  the  way  and  arrived  at  Ann  Arbor  with  fifty 
dollars  more  than  the  eight  with  which  he  started. 

He  graduated  from  that  university  in  1863  with  the  degree 
of  civil  engineer,  having  supported  himself  through  his  college 
course  by  his  skill  as  an  instrument  maker,  in  particular  grad- 
uatLDg  thermometers.  This  led  to  his  first  invention,  made 
while  in  college,  of  a  machine  for  graduating  such  instru- 
ments. Notwithstanding  the  difficulties  under  which  he 
labored,  he  earned  the  reputation  of  a  brilliant  and  original 
studenL 

After  graduation,  he  entered  the  government  service  as 
assistant  engineer  in  the  U.  S.  Lake  survey,  remaining  in  that 
service  until  1866,  when  he  returned  to  the  University  of 
Michigan  as  instructor  in  engineering. 

He  left  the  University  of  ^Michigan  in  1870  to  become  pro- 
fessor of  mechanical  engineering  and  physics  in  the  Illinois 
Indostrial  University,  now  the  University  of  Illinois.  There 
he  established  the  Department  of  Mechanical  Engineering 
which  was  the  first  to  be  established  in  this  country. 

It  is  of  interest  to  note  as  illustrating  his  versatility  that 
while  there  he  designed  and  constructed  the  tower  clock  now 
famishing  time  at  the  University. 

In  1878  he  occupied  the  position  of  dean  of  the  CoUege  of 

*  This  biographieal  sketch  was  prepared  by  a  eommittee  consisting  of 
Professors  N.  W.  Lord,  Edward  Orton,  Jr.,  and  Wm.  T.  Magmder. 
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Engineering  at  that  institution.  The  same  year  he  was  called 
to  The  Ohio  State  University  as  professor  of  physics  and  me- 
chanical engineering,  occupying  that  chair  until  he  resigned 
in  1895  in  order  to  devote  his  time  to  his  extensive  profes- 
sional interests.  In  1896  in  consideration  of  his  distinguished 
services  as  a  scientific  inventor,  investigator,  and  writer,  the 
Ohio  State  University  conferred  upon  him  the  degree  of 
doctor  of  science  and  in  1899  elected  him  emeritus  professor 
of  mechanical  engineering. 

Professor  Robinson  was  a  man  of  great  originality  and  in- 
ventive genius.  He  secured  about  forty  patents,  many  of 
which  were  based  upon  scientific  research  and  mathematical 
investigation,  the  results  of  skillful  study.  They  were  de- 
signs rather  than  accidental  discoveries.  He  was  also  the 
author  of  important  books  and  papers  presented  before 
learned  societies  which  are  marked  by  the  same  quality  of 
thorough  research  and  originality.  When  the  Ohio  gas  fields 
were  first  discovered  the  problem  of  measuring  the  volume 
of  flow  was  referred  to  Professor  Robinson  and  solved  by  him 
in  his  brilliant  application  of  the  Pitot  tube,  resulting  in  the 
methods  now  in  universal  use. 

His  interest  in  education  was  always  great  and  led  him 
in  1890  to  organize  an  association  composed  of  mechanical 
engineering  teachers  which  in  1893  developed  into  the  pres- 
ent Society  for  the  Promotion  of  Engineering  Education. 
His  interest  and  love  for  the  University  did  not  cease  with  his 
retirement.  He  made  at  various  times  valuable  donations  to 
the  equipment  of  the  department  of  mechanical  engineering 
and  finally  established  the  Robinson  Fellowship  in  Engineer- 
ing as  a  permanent  foundation. 

As  a  man,  Professor  Robinson  was  an  indefatigable  worker. 
There  was  no  limit  to  his  enthusiasm  and  ambition  in  his  pro- 
fession. Personally  he  was  modest  and  retiring,  never  claim- 
ing credit  for  himself  though  most  generous  in  according  it 
to  his  associates.  His  nature  was  deeply  sympathetic  and 
very  kindly.  He  was  inflexible  in  his  devotion  to  his  duty 
and  to  his  principles  of  integrity  and  honor.     He  was  greatly 
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interested  in  the  work  and  success  of  those  around  him,  both 
colleagues  and  students,  and  impressed  his  own  enthusiasm 
upon  their  efforts,  encouraging,  stimulating  and  rewarding 
them.  His  memorv  and  influence  will  long  be  felt  in  the 
lives  of  those  who  follow  after  him  and  have  taken  up  his 
work  where  he  left  it. 


JOHN   ARMOR  VEAZEY.* 

Mr.  John  Armor  Veazey  was  born  June  23,  ISSO,  at  Ems- 
worth,  Pa.  His  early  life  was  spent  with  his  parents  at  Chase 
City,  Ya..  where  his  father  was  in  charge  of  a  mission  school. 
He  was  graduated  from  "VTestminster  College,  at  New  "Wil- 
mington, Pa.,  in  1902,  receiving  the  degree  of  A.B.  From 
1902  to  1905  Mr.  Yeazey  was  an  instructor  in  physics  and 
astronomy  at  Assiut  College.  Assiut,  Eg^-pt.  He  entered  Cor- 
nell University  in  the  fall  of  1905  and  received  the  B.S.  degree 
in  1906;  he  served  as  an  instructor  in  the  Department  of 
Physics  at  Lehigh  University,  1906-08.  ]\Ir.  Yeazey  was  a 
graduate  student  at  Cornell  University,  1908-11,  and  received 
the  degree  of  Ph.D.  in  June,  1911.  At  the  time  of  his  death 
he  was  under  appointment  of  the  Carnegie  Endowment,  to  do 
original  research  work  in  the  department  of  physics  of  Cornell 
University. 

Mr.  Yeazey  was  united  in  marriage  to  Miss  Martha  Mehard. 
of  Xew  Wilmington,  Pa.,  on  August  24.  1910.  "WTiile  on  a 
vacation  at  New  Wilmington,  Mr.  Yeazey  was  stricken  with 
typhoid  fever.  After  an  iUness  of  two  weeks  pneumonia 
developed,  resulting  in  Mr.  Yeazey  *s  death  on  Monday  morn- 
ing. August  21,  1911. 

*  This  biographical  sketch  was  prepared  by  Professor  B.  W.  Bridgman. 
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